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Some Modern Aspects of Rubber Cultivation. By Charles Herbert Wright. 
Published by Maclaren & Sons, Ltd., 27 Shoe Lane, E. C. 4, London, England. 
1928. 162 pp. 6s. 

A guide to up-to-date estate practice, this handbook covers soil factors and 
cover crops, drainage, tapping systems, manurial considerations, seed selection, 
bud grafting, and other phases of rubber cultivation. It is profusely illustrated. 
[From The Rubber Age of New York. ] 


Taschenbuch fiir Gummitechniker. By Dr. Werner Esch. Published by 
the author at Osterbeckstrasse, 43, Hamburg, 21, Germany. 1930. 108 pp. 

A variety of important technical data for the rubber chemist and engineer is 
contained in this loose-leaf handbook. A first section is devoted mainly to im- 
portant formulas for rubber mixes and is followed by various technical tables 
of interest and by a 20-page glossary of rubber chemicals and compounding in- 
gredients. [From The Rubber Age of New York.| 


Rubber: Newer Theoretical and Practical Developments. By Harry L. 
Fisher, United States Rubber Company, Passaic, N. J. 1931. 24 pp. 

The yield of plantation rubber is being increased from 350 to 1000 pounds per 
acre by means of bud-grafting. Latex can be vulcanized. The importance has 
been shown of some of the non-rubber constituents in the manufacture of rubber 
goods. The highly purified rubber hydrocarbon has been separated into rather 


indistinct components, and has been crystallized and even distilled. X-ray 
studies show a definite alignment of fibers when rubber is stretched, and thie 
fibrous nature of stretched rubber has been proved experimentally at low tem- 
peratures. These are some of the topics discussed by Fisher, together with 
the chemical structure of natural and synthetic rubber and of the newer chemical 
derivatives, in this reprint from the Journal of Chemical Education of his talk 
last October before the Rhode Island Section of the American Chemical Society. 
Vulcanization, aging, and the newer applications of rubber in lining chemical 
apparatus, for preventing ice formation on airplanes, in upholstery, rugs, auto- 
mobile engine mountings, etc., are summarized. [From The Rubber Age of New 
York. |. 


Vultex. Published by the Vultex Chemical Company, 708 Main Street, 
Cambridge, Mass. 1930. 7 pp. For free distribution. 

Vultex, the result of researches and inventions of Philip Schidrowitz, is 
made by pre-vulcanizing the particles of rubber as they are suspended in the 
latex without coagulating the rubber. The resulting liquid vulcanized latex 
does not differ materially in appearance from the original latex, but when dried 
it immediately becomes a finished vulcanized product. The properties of this 
product and its uses in industry are briefly outlined in this pamphlet. [From 
The Rubber Age of New York. |] 


The Electrometric Determination of the Hydrogen Ion Concentration on the 
Latex of Hevea Braziliensis and Its Applicability to Technical Problems. 
By N. H. Van Harpen. Published by Varekamp & Company, Medan. 1930. 
460 pp. 


XXXV 


As a study of the coagulation and flocculation phenomena in rubber latex, this 
work represents the most painstaking effort that has been given to the subject. 
More than 150 authors on the subject of latex treatment were consulted, while 
160 pages of tables are used in investigating the relationship between the phe- 
nomena of coagulation and the real degree of acidity of the medium used. Coales- 
cence in the flocculation stage and the centrifugation of Jatex are also treated at 
length, and the work is concluded by a general summary of the investigations 
grouped under 36 headings. [From The Rubber Age of New York. } 


Antioxidants. Published by the Rubber Chemicals Section, E. I. du Pont 
de Nemours & Company, Wilmington, Del. 1930. 32 pp. For free dis- 
tribution. 

Antioxidants, including heat resisters, stiffeners, and fatigue inhibitors, have 
now come into practically universal use in the rubber manufacturing industry. 
The term, as it is now applied, covers all materials added to rubber compounds 
for the purpose of retarding deterioration, whether that deterioration be due to 
the depolymerizing action of heat, to oxidation, or to the repeated application 
of tensile or compressive forces. Descriptions of all du Pont antioxidants are 
given in this booklet, together with the results of aging tests, flexing tests, and 
abrasion tests on several compounds. [From The Rubber Age of New York.]| 


Carbon Black in 1929. By G. R. Hopkins and H. Backus. Published by 
the United States Department of Commerce, Washington, D. C. 1930. 
11 pp. $0.05. 

The carbon black industry experienced a record-breaking year in 1929, when 
production was 47 per cent above that in 1928. The most important use of 


carbon black, as measured by volume, is as an ingredient in the manufacture 
of rubber. Carbon black was first used as a coloring agent in the manufacture 
of rubber about 1915, but last year the amount delivered to rubber companies 
was 138,474,000 pounds, or 72 per cent of the total domestic deliveries. Statistics 
of production, a list of domestic producers and a table of exports of carbon black 
are included in this reprint of the Bureau of Mines, together with a short discus- 
sion of the methods of manufacture and uses. [From The Rubber Age of New 
York. ] 


Industrial Truck Tires. Published by the Bureau of Standards, United 
States Department of Commerce. 1930. 18 pp. $0.05. 


On June 6, 1929, a general conference of representative manufacturers, dis- 
tributors, and users of industrial truck tires drafted a simplified practice recom- 
mendation. The industry has since accepted this recommendation, which is 
reprinted in this report. Because of the rapid increase in the use of all types 
of industrial trucks, trailers, and tractors during recent years and the lack of nation- 
ally recognized standards of wheel size and capacity, the number of sizes and varieties 
of tires used on this equipment has enormously increased. This establishment 
of a relatively small number of standard or “stock” sizes will not only benefit 
the manufacturers, but will also be of great assistance to all distributors and users 
of industrial truck tires. [From The Rubber Age of New York.|] 


Cotton Facts—1930. Published by the Shepperson Publishing Company, 
44 Whitehall Street, New York City. 1931. 256 pp. 


Accurate data on any generally used commodity are absolutely essential, and 
the fact that this publication is now in its 55th edition is evidence that it is ac- 
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cepted as an authoritative compilation of statistics in its field. The tables on 
the American crop have been covered with especial thoroughness, the rayon 
industry section has been enlarged, and other additions have been made to the 
figures of previous years. All necessary data is presented on crops, receipts, 
stocks, exports, imports, visible supply, sales, prices, consumption, and manu- 
facturing output. [From The Rubber Age of New York.] 


Index to A. S. T. M. Standards and Tentative Standards. Published by the 

American Society for Testing Materials, 1315 Spruce Street, Philadelphia, Pa. 
* 1931. 120 pp. For free distribution. 

This index is a compilation, under appropriate key words, of titles of all 
A. S. T. M. standards and tentative standards, together with the volume refer- 
ences to the publications in which they appear. The list is complete as of Septem- 
ber, 1930. There are fifteen listings under “Rubber Products” and many im- 
portant listings under the general heading of ‘““Textile Materials.” [From The 
Rubber Age of New York. | 


Industrial Research Laboratories of the United States. Compiled by 
Clarence J. West and Callie Hull. Published by the National Research 
Council of the National Academy of Sciences, Washington, D. C. 1931. 
267 pp. $2. 

That industrial research is making progress in the United States seems apparent 
from this fourth edition of what has become a standard work of reference in its 
field. In its pages are listed more than 1600 laboratories of industrial companies 
as compared with 1000 in the third edition of 1927. There are between 110 
and 120 laboratories listed whose activities include research in connection with 


rubber and many others whose work affects the rubber industry through studies 
relating to chemicals, textiles, and other fields. In each case, the names of the 
directors of the laboratories are given, together with the number of chemists, 
physicists, and other workers employed and the exact scope of activities under- 
taken. The volume is concluded with an index of directors of research, a geo- 
graphical index, and an index of subjects. [From The Rubber Age of New York.| 


Engineering Achievements, 1930. Published by the Westinghouse Electric 
& Manufacturing Company, East Pittsburgh, Pa. 1931. 40 pp. For free 
distribution. 


Apparently the industrial depression of 1930 did not halt the advance of science, 
nor the march of those great tendencies which make electrical progress so full 
of interest. Machinery, running at higher velocities; the progressive use of water 
power; equipment venturing into new media in the place of air; development 
in transportation by land, water, and air; and a variety of services rendered to 
industry are all noteworthy. Especially interesting are the diversity of vacuum 
and other kindred tubes; curiosities of the research laboratory yesterday, common- 
place tools of industry tomorrow—evidence of the speed with which the dis- 
coveries of science are adopted by the progressive engineer. These and other 
equally interesting topics are covered in this well illustrated review of the past 
year from the point of view of one of the country’s leading suppliers of electrical 
equipment. [From The Rubber Age of New York.] 


First Aid in Small Industrial Plants. Published by the Policyholders 
Service Bureau, Metropolitan Life Insurance Company, 1 Madison Avenue, 
New York City. 1930. 20 pp. For free distribution. 
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Safety Activities in Small Companies. Published by the Policyholders 
Service Bureau, Metropolitan Life Insurance Company, 1 Madison Avenue, 
New York City. 1930. 16 pp. For free distribution. 


Efforts to assure the health and safety of workers should not be confined to 
the larger industrial plants, and these booklets detail methods which have proved 
valuable in connection with the small industrial unit. Such activities do not 
necessarily involve considerable expense, as the authors of these little handbooks 
show, but may be very effective in results. [From The Rubber Age of New York. | 
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A Survey of Recent Literature on 
the Chemistry of Rubber 


Abstracts of Articles Pertaining to the Chemistry 
of Rubber Which Have Appeared in Foreign 
and American Journals 


The following abstracts are reprinted from the Jan. 10 and 20, and Feb. 10 and 
20, 1931, issues of Chemical Abstracts and, with earlier and succeeding issues, they 
form a complete record of all chemical work published in the various academic, 
engineering, industrial, and trade journals throughout the world. 


Notes from the rubber industry. T. L. Garner. Brit. Plastics 2, 125, 139 
(1930).—A brief review and discussion of several recent papers. ¢, Davis 
The coloring of rubber. F.Jacoss. Rev. gén. caoutchouc 7, No. 64, 17-21(1930); 
cf. C. A. 24, 4958, 5535.—In conclusion the use of org. colors in air bags, water bottles 
and other molded products, and colored hard rubber is described. C. C. Davis 
“Cheaply black,’? a new, economical pigment for rubber mixtures. R. Ditmar. 
Caoutchouc & gutta- -percha 27, 15177-8(1930).—— —‘Cheaply black’’ is a gray-black powder, 
with d. 2.2, which does not adsorb S or accelerators during vulcanization, and which can 
be more easily mixed than ordinary gas black. Representative formulas for various 
types of products are given to show the utility of this material. C. C. Davis 
Mineral black as a reénforcing filler. PHiLt1p SCHIDROWITZ AND MAvRICE PHIL- 
pott. Kautschuk 6, 197-9, 204~7(1930).—Mineral blacks, which in general are ob- 
tained from slates and from fossil products contg. C., have not heretofore been used as_ 
reénforcing fillers in the rubber industry. A recently discovered mine in Devonshire, 
England, contains deposits of mineral black which has about 66% of mineral substances 
(especially clay and silica) and 33% of finely divided anthracite, and a method has been 
developed for refining this black to increase its C content and to render it suitable as a 
rubber filler. The equipment permits large-scale production of a refined black contg. 
approx. 66% C and 33% mineral substances. Expts. have shown that this product has 
considerable reénforcing action, is equal or superior to lamp black in this respect, and is 
about 40% as effective as the best gas blacks. The tests from which these conclusions 
are drawn are described in detail. C. C. Davis 
Results of a questionnaire on smoke-curing of rubber. R.G. FULLERTON. Rubber 
Research Inst. Malaya, Quart. J. 2, No. 2, 69-100(1930).—The inquiry was conducted 
to obtain comparative figures of the efficiency of various types of smokehouses and of 
fuel consumption, the results of which are described in detail. Cc. C. Davis 
Crystallized rubber. RatpH F. Wotr. Rubber Age (N. Y.) 28, 79-80(1930).— 
Expts. on the prepn. of a cryst. rubber being carried on at the U. S. Bur. of Standards 
are described. Cryst. rubber has been found to consist of small transparent plates. 
To obtain such a product, ordinary rubber must be highly purified and then crystd. 
from Et,O ata very lowtemp. This cryst. rubber has not been analyzed in a final way, 
but analyses indicate that it is not CsHs. Rubber can be distd. at 100° in vacuo with no 
apparent change. Cc. C. Davis 
The thermodynamics of rubber. II. Temperature change of rubber under 
adiabatic stretching. D.S. OrNsTEIN, J. WoupDA AND J. G. Eymers. Rubber Chem- 
istry & Technology 3, 403-8(1930).—See C. A. 24, 3922. C. C. Davis 
Compression of rubber. Some experimental results. F. Jacops. Rubber Age 
(N. Y.) 27, 653(1930).—English version of C. A. 24, 4957. Cc. C. Davis 
Service tests on rubber belts. E. G. Kimicu. Rubber Age (N. Y.) 27, 479-80 
(1930).—The tests show the influence of pulley diam., tension, no. of plies, belt speeds, 
etc., on ply sepn. during service. C. C. Davis 
” Standardization of ozone testing. E.P.Kearstey. Rubber Age (N. Y.) 27, 649-52 
(1930).—English version of C. A. 24, 4957. C.C. Davis 
Method for preparing microsections of rubber. Tracey F. Stree. Ind. Eng 
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Chem., Anal. Ed. 2, 421-2(1930).—The method which is described and illustrated in- 
volves freezing with liquid air the specimen mounted in basswood (Tilia americana). 
Uncured and cured mixts. of all kinds except very soft ones can be readily examd. by 
this method. C.. C. Davis 
Hard-rubber dust, and some of its applications. FRANK Batu. Rev. gén. caout- 
chouc 7, No. 64, 7-10(1930); cf. C. A. 24, 4959.—Molds and molding problems are dis- 
cussed. C. C. Davis 
Rubber-making machinery. ANoN. Engineering 130, No. 3367, 95-8; No. 3369, 
165-7; No. 3371, 225-7; No. 3373, 289-90(1930).—A review and discussion, illustrated 
with pictures and diagrams, of some of the most important modern machinery and 
its operation. C. C. Davis 
Anti-friction bearings in rubber-mill equipment. W.B. Moore. Rubber Age 
(N. Y.) 27, 589-92(1930). C. C. Davis 
Use of madder lake in accelerated rubber mixings. R. Ditmar AND O. Funur- 
MANN. Caoutchouc & gutta-percha 27, 15172-3(1930).—Under proper conditions beauti- 
ful red vulcanizates can be obtained with madder lake (alizarin pptd. on Al,O3). In the 
base mixt.: pale crepe 100, S 3, ZnO 10, whiting 30, madder lake 5.44, the most attrac- 
tive color in a press-cure at 152° was obtained with ‘‘Z-88” as accelerator. ‘‘Vulcafor 
VI” gave the next best results. With these accelerators beautiful reds were obtained. 
Madder lake cannot be used in S2Clz cures. C. C. Davis 
Preservation of rubber goods by antioxidants. T. L. GARNER. Chem. Age 
(London) 23, 252-3(1930); cf. C. A. 23, 1772, 4101.—A general review. Gc; '¢€. BD: 
Toxic substances in the rubber industry. XIII. Arsenic and its compounds. 
P. A. Davis. Rubber Age (N. Y.) 27, 477-8(1930); cf. C.. A. 24, 4423. XIV. Cad- 
mium and its compounds. Jbid 593-4. XV. Ethyl acetate. Ibid “a 
. C. Davis 
Accelerators of vulcanization. F. Jacoss. Caoutchouc & gutta-percha 27, 15165- 
72(1930).—The com. names, manufacturer, chem. names and formulas and the relative 
activities of 53 accelerators are given. C. C. Davis 
Vulcanization accelerators. A survey of the patent literature of the last few years. 
I. ALApIN. Gummi-Zig. 44, 2534-5(1930). II. Jbid 2577-8. III. Jbid 45, 15-7. 
IV. Ibid 67-8, 111-4. C. C. Davis 
Ultra-accelerators. G. DuMONTHIER. Rev. gén. caoutchouc 7, No. 64, 23-4(1930); 
cf. C. A. 24, 3674.—Formulas are given to show the utility of tetramethylthiuram mono- 
sulfide (‘“Thionex”’) in rubber mixts. for footwear. C. C. Davis 
The influence of zinc oxide on the action of the principal accelerators of vulcaniza- 
tion. The preparation of transparent vulcanized rubber. R. THIOLLET AND G. Mar- 
TIN. Rubber Age (N. Y.) 28, 29-30(1930).—English version of C. A. 24, a - 
. C. Davis 
Overflow during vulcanization, its dependence upon inactive and active fillers and 
errors in previous calculations on the specific gravity of vulcanizates resulting from it. 
Rupo_F DirMaR AND Karu H. Preussg. Rubber Age (N. Y.) 27, 595-6(1930).— 
English version of C. A. 24, 5180. C. C. Davis 
Historic facts relating to the chemistry of rubber. I. L. Konpakov. Rev. gén. 
caoutchouc 7, No. 65, 7-13(1930).—A crit. review and discussion of a recent book by 
Memmler (Handbuch der Kautschukwissenschaft, Leipzig, 1930; cf. ae am. 2638). 
. C. Davis 
The influence of increasing proportions of different loadings on the shrinkage effect 
of uncured rubber mixtures and the determination of their behavior on calendering. 
RupoLtF DiTMaR AND Karu H. PreEvusse. Caoutchouc & gutta-percha 27, 15212-4 
(1930).—If rubber is mixed with a filler on an ordinary roll mill and is then removed 
quickly, the sheet shrinks both transversely and longitudinally with corresponding 
increase in thickness. This phenomenon must not be confused with the de Visser 
effect (cf. Diss. Delft, 1925). This shrinkage was studied on a micro-mill, where va- 
rious quantities of whiting ZnO, C black and SiO, gel were incorporated in 10 g. of rubber 
and sheets 2 mm. thick were removed as quickly as practicable. The roll temp. was 
30°. The contours of the sheets were traced on parchment paper and the shrinkage 
was then followed. With whiting, the shrinkage was the same for all proportions, 
and above 20% crimping was negligible and sheets 2 mm. thick could be calendered. 
With ZnO, shrinking was the same up to 50% and then increased greatly. Above 
30% there was no crimping, and calendering to 2 mm. was possible. The greater the 
proportion of C black the smaller the shrinkage, and above 30% crimping ceased and 
calendering to 2 mm. was possible. With increasing proportions of SiO, gel shrink- 
ing became rapidly smaller, above 40% there was no shrinkage, and above 10% there 
was no crimping and the mixt. could be calendered 2 mm. thick. In general, the expts. 
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show that very absorbent fillers decrease the shrinkage effect and render the mixts. 
more readily calendered. Cc. C. Davis 
Some aspects of double refraction and structure in rubber. B. W. Row ann. 
Ind. Eng. Chem. 22, 1182-4(1930).—The present work includes a no. of observations 
of double refraction in rubber under compression and also in a stretched state, and 
attempts to interpret the behavior in terms of the Wiener theory of micellar double 
refraction. The exptl. evidence shows that (1) the micelle in distorted rubber is aniso- 
tropic and exhibits a pos. rod-like type of double refraction, (2) upon stretching, the 
micelle orients itself with its long axis in the direction of stretching, and (3) upon com- 
pression the micelle orients itself as a rod-like structure perpendicular to the direc- 
tion of compression. The idea is advanced that stretching involves an intimate dis- 
tribution of the sol. viscous hydrocarbon within the interstices of the elongated gel 
phase, which tends toward an optical homogeneity of the mass and a loss of distinc- 
tion between the 2 phases. The double refraction of artificially polymerized isoprene 
resembles closely that of natural rubber. Natural color photographs show the simi- 
larity of double refraction in rubber to that of a uniaxial crystal. The values of both 
natural rubber and of synthetic rubber (polymerized isoprene) are 1.5350 (Abbé refrac- 
tometer). Cc. C. Davis 
X-ray investigations on rubber. Emm Ott. J. Am. Chem. Soc. 52, 4612(1930); 
cf. C. A. 20, 2428.—A sample of crepe rubber gave a distinct x-ray pattern on the first 
exposure, which became increasingly sharper with each exposure; simultaneously the 
opaqueness of the milky spot increased; these show increase in particle size and pro- 
gressing crystn. Evidently rubber under the influence of x-rays behaves like gutta- 
percha under ultra-violet light (Kirchhof, C. A. 23, 1525). C. J. West 
A study of gutta-percha and balata by means of x-ray spectra. H. Hoprr AND 
G. V. Susicn. Rev. gén. caoutchouc 7, No. 65, 23-6(1930).—A survey of the expts. 
of Clark (C. A. 20, 3837), Hauser (C. A. 22, 697) and Ott (C. A. 20, 2428) shows agree- 
ment in only 2 respects: viz.; that (1) gutta-percha (I) and balata (II) are already 
cryst. in the unstretched state, and (2) the lattice of gutta-percha and balata is different 
from that of rubber. To settle the discrepancies in the work of these investigators, 
unpurified and purified I and II of different origins were tested in the unstretched and 
in the stretched state at different temps. (0-140°). It was found that only the hydro- 
carbon is cryst., and if allowance is made for the amorphous ring of the impurities in I 
or II then it is immaterial whether purified or unpurified substances are exposed to - 
the x-rays in spectrographic tests. The spectra showed that the hydrocarbons of I 
and of II are identical, but different from that of natural rubber. The hydrocarbon 
of I and II exists in 2 polymorphous modifications, the transformation point of which 
is approx. 60°, and depends upon the impurities. The modification which is stable 
at room temp. (gutta-a) is cryst. even in the unstretched state. The modification 
which is stable above 60° (gutta-8) is, on the contrary, amorphous in the unstretched 
state, like rubber at room temp. By stretching while hot it becomes cryst., oriented 
and gives a fiber diagram. From the fiber diagrams of stretched and cooled samples 
an identity period of 4.7 and 9.4 A. U., resp., can be caled. The presence of these 2 
modifications explains at least in part the contradictory results of Clark, Hauser and 
Ott. Though the transformation of gutta-a into gutta-8 takes place readily upon 
heating, it is not easy to pass from gutta-f to gutta-a by simple cooling. The heated 
samples show a marked tendency to remain amorphous for a long time, as with glass, 
and when at length they crystallize, gutta-6 (stable at high temp.) is more often formed. 
The latter can, however, be transformed into gutta-a if it is dissolved and repptd. at 
a lower temp. than the point of transformation. As this is a discontinuous phenome- 
non, samples which give a mixed diagram are often obtained. I and II were purified 
by dissolving the com. products in CHCl; contg. 2% piperidine, filtering, pptg. by addn. 
of acetone and extg. the ppt. with acetone until free of resins. Also in Kautschuk 6, 
234~-7(1930). Cc. C. Davis 
Phenomena of the mechanical deformation of rubber. H. Marx ann E. VALKO. 
Rev. gén. caoutchouc 7, No. 64, 11-6; Gummi-Ztg..44, 2077(1930).—The deformation of 
rubber is in general reversible. and elastic, and involves a reversible hardening, in contrast 
to the irreversible deformation of crystals. It is most easily shown by x-ray expts. that 
the mol. phenomena are quite different in the 2 cases, and that the elongation of rubber 
can be explained by intramol. and intermol. changes. In the 1st case, the mols. do not 
change in form, whereas in the 2nd case the atoms in the mol. rearrange themselves 
in a new way. On the basis of the concept of fibrous primary valence chains, Meyer, 
Fikentscher and Mark have developed a model of the rubber mol. with which the mech. 
behavior of rubber can be satisfactorily explained on an intermol. basis. This model 
conforms to the elastic thermodynamic, réntgenographic and chem. properties. How- 
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ever, to correlate these properties on a quant. basis, it is necessary to employ the very 
same material throughout, and this the present paper attempts to do. The expts. 
were carried out with raw rubber from ammoniacal latex, a soft vulcanizate with a high 
rubber content and a tire tread mixt. with a high gas black content. The breaking 
tests were made at —195° (liquid N), and it was found that the differences at room 
temp. in the tensile strength of samples previously stretched to varying degrees also 
held true at —195°. In an approx. way the strength of a given sample depended upon 
the preliminary elongation, and gutta-percha behaved in a similar way. In contrast 
to the earlier work, the present expts. do not show at the temp. of liquid air any high 
extensibility of previously stretched samples. The mol. mechanism of the resistance 
to rupture depends in all probability upon a micellar orientation. At rupture either 
the individual mols. can break (in which case the interlocked primary valence chains 
loosen and slide. apart), or whole bundles of parallel primary valence chains, #. ¢., micelles, 
slide apart. The latter phenomenon is the more probable. During stretching micelles 
of crystd. rubber are formed in increasing numbers, which behave like a filler in the 
remaining uncrystd. rubber. Since highly stretched raw rubber is almost completely 
crystd. and possesses about 10 times the strength of unstretched rubber, it may be 
assumed that the strength of the cryst. phase is 10 times as great as that of the amorphous 
phase. The strength of stretched rubber would accordingly be the sum of the strengths 
of the amorphous and cryst. portions present in a cross section. At room temp. rubber 
can be stretched several hundred %, but at the temp. of liquid air its ultimate elonga- 
tion is less than 10%. A study of the tensile properties of raw rubber between 20° 
and —80° showed a sudden transition at —67°. At room temp. the ultimate elonga- 
tion of raw rubber was approx. 900% and the tensile strength approx. 30 kg. per sq. 
cm. At —20° the ultimate elongation was the same, but the tensile strength was 10 
times as great. Samples stretched in the cold showed an extraordinarily great elastic 
after-effect. At —40° and —60° no essential changes were observed, and only be- 
tween —60° and —70° did any appear. In the latter case the rubber broke without 
any elongation. At sufficiently low temps., there was a characteristic elastic limit 
of the stress, at which the resistance to deformation was greater than the resistance 
to rupture. This was the temp. of britileness, which lay between —65° and —72°, 
according to the rate at which the stress was applied. Below this brittleness point, 
stretched rubber developed cracks, which appeared like white milky streaks, and which 
were visible even after warming. Above this temp. of brittleness, stretched samples 
became milky and turbid but remained homogeneous, and after release of the stress 
became transparent again. To explain this phenomenon, it may be assumed that 
upon lowering the temp. the intermol. vibrations of the spiral mol. became slower, 
so that the coiled position became stabilized. Simultaneously the viscosity increased. 
At a sufficiently low temp., the state of equil. within the stretched mol. became so 
well stabilized that the force necessary to overcome this equil. became greater than 
that of the cohesion between mols., and rupture without elongation occurred. Near 
the brittleness point there was in definite zones a stretching of the mol., but in the 
neighboring regions changes in position were no longer possible because of the high 
viscosity and the material became porous and absorbed gases. Also in Kautschuk 
6, 210-5(1930). Cc. C. Davis 
Study of the mechanical deformation of vulcanized rubber. P. Pracue. Caout- 
chouc & gutta-percha 27, 15003-8, 15046-9, 15125-8(1930).—A review and discussion 
of all types of mech. deformation of rubber, with a new study of the influence of 2 or 
more forces acting in different directions (the deformation of an inflated object dis- 
tended by internal pressure). Cc. C. Davis 
Change of electrical properties of rubber and gutta-percha during storage under 
water. HarveyL.CurTISAND ARNOLDH.Scott. Bur. Standards J. Research 5, 539-52 
(1930).—Samples of rubber and of gutta-percha were stored under water for about 7 
yrs. and elec. measurements were made periodically to det. the effect of aging on their 
resistivities, dielec. consts. and powers. The dielec. const. was measured under 3 
different conditions, viz., an a. c. of 60 cycles, a pulsating d. c. with 0.6 sec. charge and 
0.1 sec, discharge, and a pulsating d. c. with 0.6 sec. charge and 1 sec. discharge. In 
all cases the dielec. consts. increased with time, unless failure was near. A sample 
was considered to have failed when its capacitance could no longer be measured. 
Changes in the resistivity and in the power factor varied from sample to sample. The 
approach to failure was first indicated by the resistivity. By plotting the time that a 
sample had been under observation against the resistance of the sample, it was found 
that the curves of the sample which failed showed a break or a marked change in direc- 
tion several months before actual failure. Similar curves of the power factor and d. c. 
dielec. const. showed breaks at a later time. The time interval between the break in 
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the resistivity curve and the breaks in the other curves was a function of the rate of 
decrease of the resistivity. This latter decrease has been ascribed to the formation of 
fine holes through the material, and this explanation was confirmed by microscopic 
examn. of microtome sections of the samples which failed. These sections showed 
fern-like figures which projected into the rubber. All of the samples which failed were 
of a tubular form, with water electrodes both inside and outside the tubes. Some Cu 
salts were inadvertently allowed to form inside the tubes, and the catalytic action of 
these Cu salts accelerated the aging and probably altered its character. C.C. Davis 
The determination of sulfur in rubber. J. G. Mackay. J. Soc. Chem. Ind. 49, 
- 401-3T(1930).—The difficulties encountered in the routine use of the method already 
developed for detg. total S (cf. C. A. 24, 4423) have necessitated a modification so that 
the following procedure is recommended: Introduce the sample (0.25 g. of soft vul- 
canizate or 0.15 g. of hard rubber) in a small glass tube into a Kjeldahl flask contg. 
fuming HNO; (10 cc. of d. 1.50), HCIO, (5 cc. of d. 1.54) and Br (0.5 cc.), warm until 
oxidation is complete (using a water condenser), replace the condenser with a tube, 
boil gently until the nitric products are removed and the liquid is almost colorless (if 
it does not clear, cool, add 1-2 cc. of HClO, and heat), transfer to an evapg. dish, add 
pure NaCl (2 g.), evap. to dryness, add coned. HCI (10 cc.), evap. to dryness, moisten 
with 2 N HCI (2-3 cc.), dil. with water, filter, dil. to 250 cc., heat to boiling, ppt. with 
boiling 0.2 N BaCl, (50 cc.) (adding all at once) and proceed in the conventional way. 
When the rubber contains Pb, it is recommended that the PbSO, be detd. by the method 
of Hay (cf. Mackay, C. A. 24, 4423). When Sb is present, add before pptg. BaSO, 
a sufficient vol. of satd. K Na tartrate to keep the Sb in soln. Free S.—The method 
does not take into consideration acetone-sol. S compds. (cf. Kelly, Rubber Age 1920, 
520; cf. C. A. 14, 3167), but is claimed to destroy more completely the org. ext. Ext. 
the finely ground sample (1 g.) with boiling acetone for 6 hrs., evap. the solvent, dry 
at 90°, add fuming HNO; (10 cc. of d. 1.50), HCIO, (5 ce. of d. 1.54) and Br (0.5 cc.), 
warm gently for 30 min., boil 15 min. to complete soln. (end of frothing), add NaCl 
(1 g.), evap. to dryness, add concd. HCl (10 cc.), evap. to dryness and det. the sul- 
fate in the residue by the method of Hintz and Weber (cf. Z. anal. Chem. 45, 31(1906)). 
In spite of the new method being more rapid, it is just as precise as the older well-known 
methods. Cc. C. Davis 
Action of zinc oxide containing iron in rubber mixtures. R. Ditmar ANp K. H. . 
PreusseE. Caoutchouc & gutta-percha 27, 15219-20(1930).—Comparative tests of some 
of the phys. properties of vulcanized mixts. of pale crepe 100, S 3, mercaptobenzothiazole 
1, ZnO 30 and increasing proportions of Fe,O; (0-30) showed that up to 2% the color 
effect is the only appreciable one and that with the higher proportions Fe,O; acts merely 
as an inactive filler. Cc. C. Davis 
The viscosity of rubber solutions under the influence of benzoyl peroxide. A 
contribution to methods for determining inorganic fillers, etc., in rubber mixtures. 
G. Fromanpr. Rubber Age (N. Y.) 28, 197-8(1930) —English version of C. A. 24, 
4956. C. C. Davis 
Is the presence of rubber in coal possible? Lro Eck. Gummi-Ztg. 45, 287 
(1930).—Comments on supposed discoveries of rubber in coal by Kindscher (C. A. 18, 
2862), Jurasky (C. A. 23, 1844) and Hoffmann and Kirchberg (Brennstoff-Chem. 11, 
389(1930)). Cc. C. Davis 
Toxic substances in the rubber industry. -_ Guanidine compounds. P. A. 
Davis. Rubber Age (N. Y.) 26, 143-4(1930); cf. C. A. 25, 233.—The guanidines 
most used as accelerators are relatively innocuous, and with proper ventilation and safety 
measures there should be no trouble. C. C. Davis 
Carbon black in rubber insulating compounds. H. Curtis anp A. T. MCPHERSON. 
Ind. Eng. Chem. 22, 1258-9(1930).—Comments on an article by Boggs and Wiegand 
(cf. C. A. 24, 4958).—The results of C. and MceP. are not at variance with those of B. 
and W. Reply. C.R.Boccs anp W. B. Wiecanp. Ibid 1259-60. C. C. Davis 
Water absorption of rubber compounds. H. A. WINKELMANN AND E. G. CRoakK- 
MAN. Ind. Eng. Chem. 22, 1367-70(1930).—An accelerated base mixt. was compounded 
with different proportions of whiting, barytes, clay, ZnO, “‘thermatomic C”’ and gas 
black, resp., cured 20, 40, 60, 80, 100 and 120 min. at 141.7°, immersed in water at 
28° and the % increases in wt. were detd. periodically for 30 days. The results may be 
summarized as follows: (1) With a given filler the water absorption is virtually inde- 
pendent of the proportion of filler added. (2) The water absorption diminishes with 
increase in the time of cure until it reaches a min. just after the optimum cure, following 
which it increases again (a tire tread mixt. showed the highest absorption at its opti- 
mum cure), showing in general that the water absorption of a vulcanizate varies with 
the time of cure. (3) Whiting and barytes increase the water absorption of overcured 
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vuleanizates; the greatest water absorption was obtained with clay and ZnO; gas 
black had very little effect; and ‘‘thermatomic’’ C decreased the water absorption. 
(4) Salts such as metallic acetates increase water absorption, so such impurities in 
fillers (from the action of residual ACOH) may play a part in the water absorption of a 
vulcanizate. (5) Immersion of a tire tread vulcanizate in water for 30 days did not 
change the modulus or tensile strength but decreased the elongation, while the dried 
sample had the same modulus, a higher tensile strength, a lower elongation, the same 
resistance to tearing and a higher resistance to abrasion than before immersion. (6) 
The water absorption of a hard rubber diminished progressively with increase in the 
time of cure. (7) The water absorption of reclaimed rubbers cured with S varied con- 
siderably with the raw materials used and with the process of reclaiming. C. C. D. 
Colloid chemistry and the rubber industry. A. vAN Rossem. Kolloid-Z. 48 
283-93(1929).—A review. A. FLEISCHER 
The constitution of rubber according to its swelling in liquids. H. KROEPELIN. 
Rev. gén. caoutchouc 7, No. 63, 5(1930).—Comments on a paper by Bary (cf. C. A. 24, 
4954). P. STramMBEeRGER. Jbid 5. E. Jbid 5. Reply. Paut Bary. Ibid 
No. 64, 3-4. Cc. C. Davis 
Automatic control of surface temperatures for laboratory mixing mills. R. L. 
Moore AND P. M. Torrance. India Rubber World 82, No. 5, 59-60(1930).—An 
illustrated description. C. C. Davis 
Water dispersions of rubber. JosErPH RossMAN. Jndia Rubber World 82, No. 5, 
56-8(1930).—A survey is made of U. S. patents on water dispersions and their industrial 
applications. C. C. Davis 
The plasticization of rubber. F.Jacons. Rev. gén. caoutchouc 7, No. 64, 4-6; No. 
65, 15-22(1930).—A review and discussion of the general phenomena of the plasticiza- 
tion of rubber, and the properties of the important com. softeners. C. C. Davis 
The oxidation of rubber at atmospheric temperatures. W. C. Davey. Trans. 
Inst. Rubber Industry 6, 202—13(1930).—In continuation of earlier expts. which dealt 
with chem. changes which take place when rubber is oxidized at 70° and 100° (cf. C. A. 
24, 4660), the present paper deals with changes which occur in rubber stored at room 
temp., and the relation of these changes to those at the higher temps. The procedure 
was to keep a few g. of each sample (macerated and finely divided) in a beaker in dark- 
ness, agitate frequently and measure periodically the gain in wt. and the proportion and 
character of the acetone ext. With rubber-S (100:8) vulcanizates with different states 
of cure, the degree of cure played a greater part than in the previous expts. at 70° and 
100° (the higher the vulcanization coeff. the greater the rate of oxidation), and when 
these vulcanizates were first extd. successively with acetone and CHCl; the rate of 
oxidation was still faster (varying as before with the vulcanization coeff.). In general, 
aging at room temp. gave very high acetone exts. which reached maxima before the sol. 
products began to change to insol. products.. The final increase in wt. after long aging 
was higher at room temp. than at 70°, and the acetone ext. and the acetone ext./wt. 
increase ratios were much higher. The rubber-S vulcanizates were then boiled in 4% 
aq. NaOH, washed, dried and aged at room temp. (40-97 °F.) (1) in dry air, and (2) in air 
with 65% relative humidity. Oxidation was more rapid than with the untreated 
vulcanizates; nevertheless it was slow, and it was slower in moist air than in dry air (cf. 
Stevens, C. A. 14,3823). The longer the cure, the greater was the difference between 
the moist and dry air (cf. McKee and Depew, C. A. 22, 2490). The increase in acetone 
ext. formed in moist air was less than thatindry air. If itis assumed that water is formed 
during the oxidation, these results can be explained by an equil. (cf. C. A. 23, 4100). 
Rubber-S vulcanizates which had been extd. with acetone and others which had been 
extd. with acetone and then with CHC1, were aged similarly in moist and dry air. In 
all cases, ¢. e., regardless of cure and of humidity, acetone extn. increased greatly the 
rate of oxidation (as judged by acetone exts. and increase in wt.) and acetone and CH- 
Cl; extns. increased it still more. In moist air the increase in wt. was proportional to the 
vulcanization coeffs., and the acetone ext./wt. increase ratios indicated that the tendency 
for the acetone-sol. substances to become insol. was greater in moist than in dry air. 
Though the vulcanizates extd. with acetone and CHC\, oxidized faster than those extd. 
only with acetone, the nature of the oxidation was the same. In dry air the wt. in- 
creases did not run parallel with the vulcanization coeffs., but they did so in moist air. 
When rubber-S vulcanizates were exposed in quartz tubes to summer sunlight (up to 45°), 
the wts. increased rapidly, while the acetone exts. increased to a max. (cf. Yamazaki, 
C. A, 22, 2684) and then diminished in a way similar to the effect with rubber-S vul- 
canizates oxidized at 70°. The samples at lower cures showed a higher max. acetone ext. 
than the more highly cured samples. The relatively low acetone exts. and the acetone 
ext./wt. increase ratios indicated a marked tendency toward conversion of acetone-sol. 
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substances to acetone-insol. substances in a way similar to oxidation at 70°. The lower 
the cures, the higher the ratios. With vulcanizates cured with accelerator, oxidation was 
extremely slow in the dark, and the results are not yet ready for publication. Vul- 
canizates of rubber 100, S 5, diphenylguanidine 0.75, ZnO 5 with different cures were 
extd. with acetone and oxidized in darkness. Even after extn. oxidation was very slow 
compared with that of rubber-S vulcanizates under similar conditions (the wt. increase 
in the latter case was greater in 1 month than in the accelerated vulcanizates after 13 
months). When exposed to summer sunlight behind glass, the accelerated vulcanizates 
oxidized in a way more nearly similar to rubber-S vulcanizates than in darkness. There- 
fore sunlight in conjunction with the attendant heat gives an effect similar to that at 70°. 
A comparison of the oxidation effects at 70° with those from exposure to sunlight showed 
that for the same time the increases in wt. were higher in sunlight than at 70°. Probably 
the final wt. increases of vulcanizates exposed to sunlight are higher than after oxidation 
at 70° in darkness, because the losses of volatile products were not so great. The acetone 
exts. after exposure to sunlight were higher than at 70° but lower than at room temp., 
and the acetone ext./wt. increase ratios were higher after exposure to sunlight than at 
70°, but lower than at room temp. in darkness. The acetone exts. and the acetone 
ext. ‘/wt. increase ratios of the accelerated vulcanizates reached very high values, with 
no max. The acetone ext. of the rubber-S vulcanizate reached a max. which was higher 
than that at 70°. Though exposure directly to sunlight behind glass results in greater 
oxidation than at 70° (judged by increases in wt.), the extent to which the acetone ext. 
changes to insol. material is not so complete as it is at 70°. C. C. Davis 
Rubber pigments. F.HarrisCotton. India Rubber J. 80, 727-9(1930).—This is 
a review and discussion of the requirements of a rubber pigment, the use of Sb sulfides 
and their analysis, and red Fe oxide. C. C. Davis 
Fillers and their functions. II. F. Harris Cotron. India Rubber J. 80, 216-7, 
348-50(1930); cf. India Rubber J. 80, 138(1930).—The discussion includes resistance to 
abrasion, gas black, ZnO, china clay, Mg carbonate, the nature of vulcanization, re- 
claiming, different types of reclaimed rubber and the advantages of a —. 
. C. Davis 
The application of modern statistical machinery to rubber compounding. J. D. 
Morrow. India Rubber World 82, No. 5, 61-2(1930). C. C. Davis 
Liquid rubber and textiles. Wersster Norris. India Rubber World 83, No. 4, . 
53-4(1931).—A description of technical features. Cc. C. Davis 
Some notes on curing conditions. E.F.PoweLi. Trans. Inst. Rubber Industry 6, 
184-201(1930).—The paper, which is essentially engineering, describes new expts. on 
certain phys. aspects of large-scale vulcanization, some of which are related to earlier 
expts. by Perks (cf. C. A. 23, 308), and all of which deal with the problem of obtaining 
repeated uniform cures in production. The work includes studies of variations in the 
internal temp. of open steam vulcanizers of different types, internal heating of airhags 
by air and steam, cure penetration and the effect of tire-tread pattern on this penetration. 
A general discussion follows the paper. C. C. Davis 
Control of uniformity of press cures. H.G. BimmMeRMAN. Rubber Age (N. Y.) 28, 
307-8(1930).—Mech. problems are discussed. Cc. C. Davis 
‘ Some new developments in the physical testing of rubber. A. A. SOMERVILLE. 
Trans. Inst. Rubber Industry 6, 130-69(1930).—A review and discussion of certain recent 
developments in testing which approach service conditions more closely than the older 
conventional methods. The subjects include standardization and interpretation of 
tests, stress-strain curves at low elongations (cf. S., Ball and Edland, C. A. 24, 4957), 
fatigue tests, flex-cracking, compression and cutting tests, and aging at various elonga- 
tions (cf. S., Ball and Cope, C. A. 24, 987). New data are offered in some cases to show 
the scope and utility of these developments. Fatigue tests with the de Mattia machine 
of 6 different vulcanizates cured to different degrees and tested at various elongations 
up to 300% and at different temps. (100° to —10°) showed that: (1) with increase in the 
% elongation during the fatigue test the endurance of a vulcanizate diminishes greatly; 
2) the frequency of the elongations has (at 300% elongation) no effect on the life; 
3) the life is slightly shorter at 100° than at 20° (because as the temp. diminishes the 
permanent set becomes greater so that less work is done), though a tire-tread vul- 
canizate was an exception in that its endurance was greater at 100° than at 20° (because 
of an enormous permanent set at 100°); (4) at 20° the life when fatigued does not de- 
pend upon the state of cure, but at —10° and 100° undercured samples showed the 
greatest endurance and overcured samples the shortest life. The tensile strengths and 
moduli were lower after the vulcanizates had been fatigued. Addn. of an antioxidant 
improved the endurance of a tire-tread vulcanizate, particularly after the latter had been 
aged in O. The de Mattia machine was used for measuring the relative resistances of 
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vulcanizates to cracking when flexed repeatedly by flexing specimens which had been 
cured with a transverse groove of semicircular cross-section to simulate a non-skid de- 
sign. The presence of an antioxidant decreased greatly the tendency to crack under 
these conditions. Here cracking occurred sooner at 20° than at 0° or at 50° or 100°. 
With a compression-cutting machine like that described by Hippensteel (cf. C. A. 22, 
2855, 4272) vulcanizates were tested in various ways to ascertain the importance of aging 
with and without an antioxidant present; of the thickness of specimen; of whether the 
specimen was wet or dry; of the state of cure; of the proportion of whiting, C black, ZnO, 
barytesand “mineral rubber;” of the relation between compression and stress-strain curve; 
of the effect of aging in O on the compression; and of the effect of temp. on the compression 
(cf. Ingmanson and Gray, C. A. 24, 4657). The resistance to cutting was diminished by 
aging in O, and an antioxidant minimized this effect of aging. The highest resistance to 
cutting and the stiffest compression curve were obtained at 45% humidity, and the 
lowest resistance to cutting and softest compression curve with the specimens immersed 
in water. C black imparted the greatest resistance to cutting, followed by ZnO, whiting 
and barytes. At low concns. C black lowered the resistance to cutting, but unlike the 
other fillers with greater proportions the resistance became greater than the correspond- 
ing vulcanizate with no filler. A small proportion of mineral rubber increased the re- 
sistance slightly, while a high proportion reduced it but little. The resistance to cutting 
was greater at 0° and lower at 100° than at 20°. A general discussion ~—s “ paper. 
. C. Davis 
A simple abrasion test machine for rubber. P.A.SIGLER AND W.L. Hott. India 
Rubber World 82, No. 5, 63-6(1930).—The new machine which is described and illus- 
trated is the garnet paper machine described in a former publication (C. A. 20, 310) 
redesigned for greater rigidity and compactness and to hold 3 samples. Quant. results 
on typical vulcanizates under different conditions are given. C. C. Davis 
A method for the determination of the adsorption capacity of commercial blacks by 
means of methylene blue. AND Karu H. Preusse. Gummi-Zig. 45, 
243-4(1930).—A qual. method and a quant. method are described. Qual.—Thoroughly 
agitate the sample (0.5 g.) with aq. 0.001% methylene blue (30 cc.) and filter. If 
the filtrate is colorless, the black is an active one. Quané.—Add in extremely small 
portions the black to aq. 0.01% methylene blue (50 cc.) at 15°, agitating vigorously, 
until the supernatant liquid remains colorless, then titrate back with the 0.001% methyl- 
ene blue until a faint green-blue color remains. Calc. the methylene blue adsorbed 
by 100 g. of black. On this basis tests gave the following results: Durex O lampblack 
0.65, Arrow gas black 0.102, Durex M lampblack 1.01, Cabot gas black 0.153, Durex 
1 extra 0.806, Kosmos gas black 2.55, Micronex gas black 1.29. No relation was found 
between the absorption capacities and the rates of settling of the blacks from the methyl- 
ene blue soln. A method for detg. the relative wetting of blacks by rubber was then de- 
veloped. Place thin sheets of crepe (milled for 20 min. and cut about 3 X 3 cm.) on 
an iron screen of coarse mesh, powder the surfaces with the blacks and keep the sheets 
in an oven at 70° for 45 min. If the black is easily wetted by the rubber, a lustrous 
varnish-like coating appears on the surface. With blacks not easily wetted, the powd. 
surface remains dull. Only the Kosmos and Cabot blacks gave a lustrous surface. 
Vulcanization tests in a rubber mixt. accelerated by tetramethylthiurammonosulfide 
showed that blacks with a high power of absorption retarded the rate of vulcanization. 
To det. whether this retardation was a result of absorption of S or of accelerator, the 
previous mixt. accelerated with tetramethylthiurammonosulfide was cured with more 
S than before, under which conditions the mixt. was overcured instead of undercured. 
This indicates that S rather than accelerator is adsorbed by the gas black, which is at 
variance with results of Carson and Sebrell (cf. C. A. 23, 5351). If this is so, a black 
with high absorptive power offers no disadvantage, for the proportion of S need only 
be increased. The overflow during vulcanization with blacks having high absorptive 
powers is smaller than with blacks of low absorptive power, and the d. of the former 
mixts. is the greater. Divs 
The development of rubber reclaiming since the War and its importance in rubber 
manufacture. PauL ALEXANDER. Gummi-Ztg. 45, 416-8(1930).—A further review 
and discussion (cf. C. A. 24, 6061). C. C. Davis 
Toxic substances in the rubber industry. XVII. Thiocarbanilide. P. A. Davis. 
Rubber Age (N. Y.) 28, 305-6(1930); cf. Rubber Age 28, 143(1930); cf. C. A. 25, 436.— 
Though thiocarbanilide is not poisonous itself, its decompn. products are toxic, and 
proper ventilation is necessary. C. C. Davis 
___ The use of rubber in cement tiling. Gro. Rick. Rubber Age (N. Y.) 28, 255-6 
(1930).—A general description. Cc. C. Davis 


xlvi 


Rubber in the grinding-wheel industry. JoszerpH N. Kuzmicx. India Rubber 
World 82, No. 5, 53-5(1930).—An illustrated description. C. C. Davis 
Rubber-bonded grinding wheels. What the user of organic-bonded wheels should 
know. J. N. Kuzmick aNnp LANGE. India Rubber World 83, No. 4, 56-7, 60(1931).— 
Illustrated. Cc. C. Davis 
Rubber power-transmission belting. I. The materials and the construction of 
rubber belting. W.L.Srurtevant. India Rubber World 83, No. 1, 59-60(1930). II. 
Testing methods for determining the strength of ply-adhesion in belting. Ibid No. 2, 
63-5. III. Flexing machine and dynamometers for testing belting quality. Com- 
parison of adhesion, flexing and dynamometer tests. Ibid No. 3,67-9. IV. Physical 
properties of ducks and belting. Seam and stiffness tests. Static coefficient of fric- 
tion. Dressing and fasteners. Ibid No. 4, 58-60(1931).—All 4 instalments are 
illustrated and contain quant. data. Cc. C. Davis 
Manufacture of surgical rubber goods. Tuomas W. FazaKerLey. India Rubber 
J. 80, 831-2(1930).—A general discussion of mfg. problems. C. C. Davis 
Hot vulcanization. The development of the technical process. II. Pavur 
BREDEMANN. Gummi-Zig. 45, 458-62(1930). , Cc. C. Davis 
Vulcanization with hot air. Development of the technical process. PAUL BREDE- 
MANN. Gummi-Ztg. 45, 375-6, 413-6(1930).—A review and discussion of modern 
equipment. Cc. C. Davis 
Suncracking of vulcanized rubber. B.B. Evans. India Rubber World 83, No. 1, 
55-7(1930).—See C. A. 24, 4664. C. C. Davis 
Curing-bags for vulcanizing cord tires. A. Fréticn. India Rubber J. 80, 351-5 
(1930).—English version of Gummé-Ztg. 44, 2080, 2132(1930). Cc. C. Davis 


Patents 


Dispersing rubber in water. Wm. B. Pratt (to Dispersions Process, Inc.). U.S. 
1,780,657, Nov. 4. Rubber is dissolved with NH; in a solvent such as CsHe and the 
soln. is mixed with water and the solvent removed by distn. to obtain a dispersion similar 
to latex. A stabilizer such as sulfonated castor oil may be used. Cf. C. A. 24, 264. . 

Electrodeposition of rubber. U.S. 1,778,841, Oct. 21. There 
is added to an alk. latex an electrolyte such as NH,Cl which will not in itself readily 
cause coagulation but which in conjunction with suitable electrodes such as Zn and C 
immersed in the mixt., and directly and conductively connected with each other ex- 
ternally, will act as a self-excitant, setting up an electromotive force in the circuit 
sufficient to effect deposition of the rubber or similar material upon the anode without 
production of gas bubbles at the anode. Cf. C. A. 24, 4665. 

Electrophoretic deposition of rubber, etc. Duntop RusseErR Co., Ltp., D. F. 
Twiss and R. G. James. Brit. 331,563, Feb. 7, 1929. The H-ion concn. is increased 
in the presence of suitable protective colloids such as casein, hemoglobin, saponin, egg 
albumin, gelatin or licorice to such a degree that the charge on the particles is reversed 
without causing coagulation. A pg of 0 to 5 may be used, and numerous details of 
procedure are described. 

Preserving rubber. ALBERT M. C.irrorp (to Goodyear Tire & Rubber Co.), 
U. S. 1,779,390, Oct. 21. Vulcanization is effected in the presence of a reaction product 
of piperidine and a-, B- or chloronaphthol. 

Use of phenyl-a-naphthylamine to render rubber resistant to deterioration from age. 
Jan TEppPeMA (to Goodyear Tire & Rubber Co.). U.S. 1,781,306, Nov. 11. About 
2% or less of phenyl-a-naphthylamine or a similar compd. may be added. 

Continuous process of forming sponge-rubber strips. BENJAMIN B. FELIX (to 
Featheredge Rubber Co.). U.S. 1,780,122, Oct. 28. Mech. features. 

Rubber plates containing embedded cords. HERMANN Desor. JU. S. 1,781,370, 
Nov. 11. Substantially uniform pressure is applied about the entire periphery of cords 
— their diam. to less than the normal diam. and they are then embedded in 
rubber. 

Uniting fibrous materials with metals, etc., by use of rubber. Lorin B. SEBRELL 
ng an year Tire & Rubber Co.). U.S. 1,781,649, Nov. 11. See Brit. 310,461 (C. A. 

4, . 

Substituted thiuram polysulfides. Grorcr S. WuitBy (to Roessler & Hasslacher 
Chem. Co.). U.S. 1,780,545, Nov. 4. Tetraalkyl polysulfides which may be used as 
accelerators in rubber vulcanization are produced by treating salts of dialkyldithio- 
carbamic acid such as Na dimethyldithiocarbamate with S chloride. 
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Condensation products of aldehydes and amines (rubber vulcanization accelera- 
tors). Ira WiLLiaMs and WaLpo B. Burnett (to E. I. du Pont de Nemours & Co.). 
U. S. 1,780,326, Nov. 4. Condensation products of undefined mol. structure are pro- 
duced by condensation of 1 mol. proportion of an amine such as aniline, butylamine, 
ethylamine, o-tolyldiguanide, ethylaniline, ethylenediamine or the like with a plurality 
of mol. proportions of an aldehyde such as acetaldehyde, propionaldehyde, butyralde- 
hyde, heptaldehyde, crotonaldehyde, citral, acetaldol or a-ethyl-8-propylacrolein, etc. 
Numerous examples and details of making these products are given. U.S. 1,780,334 
relates to condensation of similar starting materials in the presence of acid substances. 

Rubber vulcanization accelerators. I. G. FARBENIND. A.-G. Brit. 331,885, April 
11, 1929. Compds. mentioned as accelerators include mixed disulfides formed from p- 
benzothiazyl p-nitrophenyl disulfide, 4-methoxy-6-chloro-2-benzothiazyl -nitro- 
phenyl disulfide and 4,6-dichloro-2-benzothiazyl p-nitrophenyl disulfide, by heating 
together the 2 reacting materials in the presence of a solvent such as C,H, or toluene. 

Rubber vulcanization accelerators. WINFIELD Scott (to Rubber Service Labora- 
tories Co.). U.S. 1,779,715, Oct. 28. See Can. 298,698 (C. A. 24, 2918). 

Mold for curing rubber tires. Parry KELLER (to Goodyear Tire & Rubber Co.). 
U S&S. 1,781,658, Nov. 11. 

Mold for vulcanizing tires. Parry KELLER (to Goodyear Tire & Rubber Co.). 
U. S. 1,779,396, Oct. 21. Structural features. 

Apparatus for vulcanizing tires. J. A. SPENCER-SmiTH. Brit. 331,698, July 10, 
1929. Structural features. 

Apparatus for vulcanizing inner tire tubes. RALPH W. HuTCHENS and ARNOLD R. 
KRAUSE (to Gillette Rubber Co.). U.S. 1,781,393, Nov. 11. Structural features. 

Apparatus for vulcanizing tire casings. WiLBUR F. WIRGMAN, JR., and Mosss E. 
— (to Goodyear Tire & Rubber Co.). U. S. 1,779,385, Oct. 21. Structural 
eatures 

Apparatus for vulcanizing rubber soles of footwear, etc. LivERPOOL RUBBER Co., 
—_ F. AMENDE and T. R. Dippin. Brit. 331,187, March 20, 1929. Structural 
eatures. 

Rubber vulcanization. Wittis A. Boucnton. U. S. 1,781,492, Nov. 11. An 
ammoniacal suspension of rubber is treated with a gas comprising a hydride of an ele- 
ment of the ‘‘S family’’ the atomic wt. of which is at least as great as that of S, such as 
H,S, in excess of the quantity required to react with the NH;. This serves to form a 
—— which may be prepd. on cloth, paper, pulp, etc., as a waterproofing, or in other 
orms. 

Rubber vulcanization. DoNnaLp H. Powers (to E. I. du Pont de Nemours & Co.). 
U.S. 1,780,149, Oct. 28. An accelerator is prepd. by condensing 2 mols. of an aliphatic 
aldehyde having 7 C atoms or less such as heptaldehyde with about 2 mols. of an ali- 
phatic amine such as methylamine and causing the resulting condensation product to 
react with 1-2 mols. of CH.O while cooling to prevent overheating. 

Rubber vulcanization accelerator. WINFIELD Scott (to Rubber Service Labora- 
tories Co.). U.S. 1,780,604, Nov. 4. Phenyl-p-piperidylphenylguanidine is used as 
an accelerator. 

Vulcanizing rubber. Lorin B. SEBRELL (to Goodyear Tire & Rubber Co.). U.S. 
1,779,375, Oct. 21. There is used as an accelerator a reaction product of mercaptoben- 
zothiazole with a condensation product of a straight-chain aldehyde and an amine of 
o a RNH; in which R is a benzene group, such as crotylideneaniline. Cf. C. A. 

Conservation of rubber latex. Kurt ScnusTterR and Hernricu Hoprr (to I. G. 
Farbenind. A.-G.). U.S. 1,783,057, Nov. 25. See Ger. 503,645 (C. A. 24, 6063). 

Adhesive from rubber latex. Gustave S. MATHEY (to Johnson & Johnson). 
U. S. 1,784,740, Dec. 9. In _prepg. an adhesive suitable for use on surgical dressings, 
ete., refined latex emulsion is subjected to repeated concn. such as by shaking with 
gum tragacanth in the presence of an agent such as Na silicate giving an alk. reaction, 
a germicidal agent such as CH;O is added, and the stock is heated in the presence of 
preservatives to reduce it to a jelly-like mass upon cooling and the cold mass is strained 
to liquefy it so that it will not jell again. 

Preserving rubber. S. I. StricKHoUSER (to Naugatuck Chemical Co.). Brit. 
332,489, Nov. *6. 1928. Cracking of rubber on exposure to air and light is retarded 
by treatment with an a-diketone such as benzil, phenanthraquinone or furil (0.5% of 
which may be added to the rubber mixt. before vulcanization, added to latex or applied 
in soln. to the surface of the vulcanized articles). 

Preserving rubber. J. TEPPEMA (to Goodyear Tire & Rubber Co.). Brit. 332,764, 
Nov. 26, 1928. A preservative for use with rubber, transformer oils, soaps, etc., com- 
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prises the reaction product of a naphthol such as §-naphthol with an aldehyde such as 
CH.O, acetaldehyde, butaldehyde, crotonaldehyde or benzaldehyde. 

Rubber composition. P. H. W. CLoup. Brit. 332,537, April 19, 1929. Rubber 
is mixed with a large proportion of animal fibers (such as 4 times as much wool, flocks, 
mungo, etc.) and with fillers such as whiting and other usual ingredients such as §S, 
ZnO and an accelerator, and the mixt. is vulcanized at a temp. below that which would 

carbonize the fibers. 

Heat-plastic Harotp Gray (to B. F. Goopricn Co.). U. S. 
1,782,036, Nov. 18 compn. which may be used for bonding rubber to other ma- 
terials comprises a heat-plastic rubber isomer having a less chem. unsatn. than rubber 
anda _ ~~ of a higher fatty acid such as Pb oleate. Various other specified ingredients 
may be use 

- Heat-plastic rubber derivatives. Harry L. Fisher and Hersert A. WINKEL- 
MANN (to B. F. Goodrich Co.). U.S. 1,782,140, Nov. 18. A dialkyl sulfate (suitably 
about 10% or more of Et:SQ,) is incorporated with rubber and the mixt. is heated 
(suitably to about 125-140° for 8 hrs.) to produce a thermoplastic product, which is 
of tough stable character. 

Compounding rubber with paracoumarone resin and sulfur. Stuart P. MILLER 
(to Barrett Co.). U.S. 1,782,693, Nov. 25. Paracoumarone resin with a m. p. between 
78° and 95° is melted, mixed with S and the resulting soln. is added to rubber. 

Isomerizing rubber. .I. G. FARBENIND. A.-G. Brit. 332,762, Aug. 6, 1929. Rub- 
ber is treated with P oxyhalides or mixts. of these with P halides or other suitable agents 
decompg. rubber, such as P oxybromide, together with PCI; (suitably in the presence 
of an org. liquid inert to the P compds. and having a dissolving or swelling action on 
rubber, such as benzine or benzene). Thermoplastic products and transparent films 
may be obtained. 

Apparatus and operation for making hollow rubber articles by electrodeposition 
from aqueous rubber dispersions. PAuL KLEIN and- ANDREW SZEGVARI (to American 
Anode Inc.). U.S. 1,783,485, Dec. 2. A quantity of the aq. dispersion is confined 
in contact with a mold-forming surface of the exterior contour of the article to be pro- 
duced, electrodeposition is effected with use of a cathode immersed in the dispersion, 
and gases formed at the cathode are oxidized to inhibit their entrainment in the rubber 
layer deposited. 

Sponge rubber. Russer Co., Ltp., W. H. D. W. PouNDER 
and E. A. Murpny. Brit. 332,525, March 31, 1929. Aq. dispersions of rubber or the 
like which have been rendered capable of gelling on heating or in the cold after a definite 
and controllable time interval are converted into a froth (suitably by adding soap or 
saponin and blowing with air) while still remaining reversible and are subsequently 
= to set to an irreversible mass. Several examples with details of procedure are 

ven. 

Sponge rubber. Co., Lrp., E. A. Murpny and E. W. B. 
Brit. 332,526, March 21, 1929. Frothing substances such as soaps, casein, licorice or 
saponin are added to aq. rubber dispersions (preferably highly concd. and viscous) 
and a froth is formed (as by stirring or blowing with gas) without destroying the re- 
versible character of the dispersion, and the froth is caused to set (as by gentle heating) 
to an irreversible form. Vulcanizing ingredients may be added and the sponge vul- 
canized after setting. 

Rubberizing fibrous material such as woven, knitted or felted fabrics. ERNEST 
Hoprrinson. U. S. 1,784,523, Dec. 9. Articles such as gloves, bathing shoes, etc., © 
may be superficially treated with water-repellant material such as a rubber cement 
contg. lithopone, ZnO, S and paraffin to prevent substantial penetration by water, 
and then provided with a relatively thick coating by a single coating operation with 
coned. latex contg. low-temp. curing ingredients, followed by curing, thus retaining 
a good flexibility. 

Uniting rubber coverings with sheet steel as in automobile running-board manu- 
ema Bupp Bronson (to Ohio Rubber Co.). U.S. 1,784,780-1-2, Dec. 9. Mech. 

eatures. 

Use of hard rubber for outer surfaces of reels for winding thread. F. CLouTH 
RHEINISCHE GUMMIWARENFABRIK A.-G. Brit. 332,812, Sept. 18, 1929. Metal parts 
may be coated with hard rubber. 

Rubber vulcanization accelerator. Harry O. Cuute. U. S. 1,782,713, Nov. 26. 
As an accelerator, there is employed a reaction product of a cyanamide, CH,O and an 
amine, ¢. g., thiocarbanilide, toluidine or aniline. 

Rubber vulcanization accelerator. Max BOGEMANN and HERMANN FRIEDRICH 
(to I. G. Farbenind. A.-G.). U.S. 1,783,216, Dec. 2. As an accelerator, there is used 
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a mixt. of di- and poly-amines obtained by reaction of NH; upon ethylene dichloride. 

Rubber-vulcanization accelerator. Harotp A. Morton. U. S. 1,784,703, Dec. 9. 
A condensation product of a-ethyl-8-methylacrolein with an amine such as aniline, 
neutralized with abietic acid, is used with rubber, ZnO and S. 

Use of mono- and di-carbalkoxydiarylthioureas as accelerators in rubber vulcaniza- 
tion. Crcr J. T. CRonsHAW and W. J. S. NAuNTON (to British Dyestuff Corp., Ltd.). 
U. S. 1,782,842, Nov. 25. Use of the diethyl deriv. is particularly mentioned 

Rubber vulcanization. WinFreLp Scotr (to Rubber Service Laboratories Co.). 
U. S. 1,784,498, Dec. 9. Vulcanization of rubber with S is effected in the presence of 
an accelerator comprising a reaction product of a dichloroacetate and a mercaptobenzo- 
thiazole and preferably also a guanidine vulcanization accelerator. Cf. C. A. 25, 234. 

Rubber. C. WaLTER LEuPotp. Ger. 505,825, July 25,1928. Vulcanized rubber 
masses are produced by adding concd. sulfite-cellulose lye in addn. to the usual filling 
materials such as diphenylguanidine or MgO. The rubber so treated has a greater 
resistance to the action of light and air. 

Rubber deposition from dispersions. DuNLop RuBBER Co., Ltp., and E. W. B. 
OwEN. Brit. 333,331, May 31, 1929. In making seamless multi-compartment arti- 
cles such as purses, handbags or the like, formers with relatively adjustable parts are 
dipped into aq. dispersions of rubber or similar material, the formers are adjusted for 
the desired thickness of deposit, and coagulation of the deposited material is effected. 
Various details of app. and operation are described. 

Coating metals with a thick homogeneous covering of rubber by electrophoretic 
methods. THe ANODE RUBBER Co., Ltp. Ger. 505,824, May 2, 1926. Details are 
given of the app. for the pptn. of the rubber from a dispersion by an elec. current. 

Preserving rubber. ALBERT M. CuiirForp (to Goodyear Tire & Rubber Co.). 
U. S. 1,785,692, Dec. 16. About 1% of a compd. such as a dinaphthylnitrosoamine 
is added to the rubber. Cf. C. A. 25, 233. 

Preserving rubber. Paut C. Jones (to B. F. Goodrich Co.). U. S. 1,784,838, 
Dec. 16. Rubber is treated with a tetraarylhydrazine in which at least one of the 
aryl groups is substituted, e. g., with N,N’-di-p-anisyl-N,N’-diphenylhydrazine or a 
similar compd. 0.1-5.0%. 

Teena rubber with hypochlorites, etc. E. Haze. (to Naugatuck Chemical Co.). 
Brit. 333,391, Oct. 5, 1928. A latex (suitably one contg. formaldehyde and Nekal 
as preservative and stabilizing addns.) is treated with NaOCl or other suitable compd. 
of the general type formula M-halogen-O, in which M is H, an alkali or alk. earth metal 
or an org. radical such as Et, Am or tert-butyl. This treatment usually produces a 
permanent tackiness in the rubber laid down but when applied to a strongly ammoniacal 
latex a glazed non-tacky condition results. Creaming also may be facilitated and de- 
compn. prevented. Various details and examples of treatment are given. 

Rubber threads. DuNntop RussBeEr Co., Ltp., E. A. Murpny and D. F. Twiss. 
Brit. 333,005, June 13, 1929. Threads formed’as described in Brit. 311,844 (C. A. 24, 
989-90) are passed through even-speed rollers when partially set, to produce flattened 
tape-like filaments or threads. The rollers may be rubber covered or engraved and 
the tapes may be coated with clay, whiting, etc.,. before drying, and may be used for 
winding golf-ball cores, etc. 

Rubber articles. THe ANODE RuBBER Co. (England), Lrp. Fr. 686,285, Dec. 
7, 1929. In the manuf. of articles from rubber or the like by drawing, immersion, 
impregnation, molding, electrophoresis, etc., starting directly from emulsions or aq. 
dispersions the emulsions or dispersions are mixed with variable amts. of one or more 
salts of hydrofluosilicic acid. Details of the process are given. 

Reclaimed rubber. CHarLEs H. CaMpBeLt (to Peter Cooper Corps.). U. S. 
1,786,149, Dec. 23. Rubber i is reclaimed from rubber scrap by a devulcanizing proc- 
ess in which the rubber scrap is subjected to the action of cleavage products obtained 
from tanned leather during the process of devulcanization. 

Rubberized textile sheets. Hans R. Hazrret (to Thomas H. Dumper). U. S. 
1,785,081, Dec. 16. Tacky rubber surfaces are coated with a soln. comprising a vola- 
tile solvent such as alc. and shellac and an ammoniacal soln. of a metal carbonate inert 
to rubber stich as MgCO;. U. S. 1,785,082 relates to the successive application of 
similar solns. U. S. 1,785,083 relates to the use of similar solns. but with application 
of the shellac soln. before application of the ammoniacal carbonate soln. U.S. 1,785,084 
specifies use of shellac and ZnCO; dissolved in ale. and NH;._ U. S. 1,785,085 specifies 
successive use of shellac and a similar ZnCO; soln. 

Liner fabric for use in rubber goods manufacture. Paut BrEse (to Goodyear 
Tire & Rubber Co.). U. S. 1,785,667, Dec. 16. A liner fabric is dipped in a soln. 
of soap in order to prevent adhesion. 


Paving blocks with rubber tread portion. DunLop RusBer Co., Ltp., H. C. 
Younc, F. W. WarREN and F. H. Toop. Brit. 333,047, July 29, 1929. A’ 3-layer 
block, with a tread portion of comparatively resilient rubber, a center layer of hard 
rubber of ebonite consistency and a base of bitumen and aggregate is formed with use 
of a rubber mixt. comprising crumb rubber, S and aq. rubber dispersion as described 
in Brit. 315,512 (C. A. 24, 1764). Various details of manuf. are described. 

Apparatus for testing cords such as those for tire manufacture. Tuomas B. 
—— (to Goodyear Tire & Rubber Co.). U.S. 1,785,690, Dec. 16. Structural 

eatures 

Rubber-vulcanization accelerators. I. G. FARBENIND. A.-G. Brit. 333,174, May 
2, 1929. For accelerators, there are used condensation products of NH; and unsatd. 
aldehydes such as crotonic aldehyde, acrolein or substituted acrolein. Cf. C. A. 25, 
234 


Vulcanization accelerators. THE RUBBER SERVICE LABORATORIES Co. Ger. 
504,923, Oct. 10, 1926. The accelerator consists of the condensation product of an 
aliphatic aldehyde with the reaction product of mercaptans or mercapto compds. and 
org. bases. Examples of suitable aldehydes are croton- or heptaldehyde, of a suitable 
base, guanidine and of suitable mercapto compds., benzoarylmercaptans. 

‘Apparatus and gas-supply system for vulcanization of hollow rubber articles such as 
tire tubes and casings. Haro_p A. DENMIRE (to General Tire & Rubber Co.). U.S. 
1,786,290-1, Dec. 28. Various details of app. and operation are described. 

Vulcanizing organic isocolloids. LaszLo AUER and Nikita STRACHOVSKY. Fr. 
686,316, Dec. 9, 1929. Org. isocolloidal substances contg. acids of high mol. wt. or 
their derivs. are vulcanized by combining with the operation of sulfuration an appli- 
cation of steam, either during or after the sulfuration. In the application of the proc- 
ess to vulcanizing rubber, the rubber is first modified by treatment with appropriate 
agents, e. g., as described in Fr. 652,796 or its patent of addn. 34,956. 

Vulcanization of unsaturated organic compounds. LaszLo AvER and PAUL STAM- 
BERGER. Fr. 686,321, Dec. 9, 1929. Unsatd. org. compds. are vulcanized by first 
putting the S in dispersion in the substance to be vulcanized, which is then brought 
in contact with an aq. medium and submitted in this state to heat and pressure until 
the required degree of vulcanization is reached. The process may be applied to iso- 
colloids by treating the isocolloids with vulcanization agents to obtain a first vulcaniza- 
tion, after which the above treatment is applied. 

Rubber-like preparations. I. G. FARBENIND. A.-G. (Carl Krauch and Martin 
Miiller-Cunradi, inventors). Ger. 505,843, Oct. 21, 1927. Vehicle tires are formed 
of a rubber-like prepn. including polymerized butadiene. An example gives a mixt. 
of polymerized butadiene, soot, stearic acid, condensation product of aldol and a- 
naphthylamine, S and piperidinepentamethylenedithiocarbamate. In another ex- 
ample, crude rubber is added. 

Rubber-like product. FREeprERicK C. ZopeL. U. S. 1,786,281, Dec. 23. A mixt. 
of gum copal and hard wood-creosote oil (suitably in the proportions of 1 and 2 parts, 
resp.) is heated until a clear soln. is formed, and petroleum naphtha is then added to 
effect pptn. of a product which may be used for pencil mark erasers and has properties 
similar to rubber. 

Rubber filling material Max BucHNER and WILHELM BACHMANN. Ger. 
504,922, 1928. A highly active rubber filling material is prepd. from H2SiO; by 
passing SiF, into water or aq. H2SiF in the presence of protective colloids such as gela- 
tin, albumin, vegetable mucous, etc. 

Gutta-percha, balata, etc. WuLLoucHsy S. SmiTH, Henry J. GARNETT and JOHN 
N. Dean. Fr. 686,535, Dec. 7, 1929. Gutta-percha, balata and like thermoplastic 
materials, natural or artificial, have their mech. properties improved and their fusion 
or softening point raised by heating them for a sufficient time at a temp. below that at 
which they would melt or soften. Cf. C. A. 24, 4960. 

Treating gum exudates such as gutta-percha. CHARLES MaRTELL (to Western 
Elec. Co.). U.S. 1,786,075, Dec. 23. A gum exudate such as gutta-percha i is treated 
with a relatively small quantity of latex until a quantity of the gum in the latex has 
been absorbed by the gum exudate, which serves to improve the material. 

Concentrating latex. K.D.P.,Ltp. Fr. 686,821, Dec. 18, 1929. Latex is concd. 
by adding mucilages or substances fixing water, e¢. g., carrageen moss or lichen, and 
heating to a temp. above 60°. 

Rubber. Mervyn S. Srurcupury. Ger. 509,553, Oct. 30, 1925. Addn. to 
419,658. Rubber mixts. are prepd. from concd. latex and filling material by using 
about 75% latex paste with the desired filling material, vulcanizing agent and coloring 
matter and a protective colloid. The water content is kept const. during mixing. The 
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whole is then dried and rolled. In an example, 100 parts of 75% rubber latex is made 
into a paste with soap, 80 parts water, 10 parts ZnO, 10 parts talcum, 30 parts chalk, 5 
parts castor oil, 4 parts S and 1 part diphenylguanidine. 

Rubber. THe Navucatuck CuHemicat Co. Fr. 688,452, Jan. 18, 1930. The 
deterioration of rubber is retarded by treating it with a substance obtained by mixing an 
org. base and a naphthol, almost the whole of the naphthol remaining sol. in a 10% soda 
soln. Thus, 6-naphthol 2 and »,p’-diaminodiphenylmethane 1 part are melted to- 
gether and the product is incorporated in a mass to be used for pneumatic tires. Poly- 
ethylenepolyamine, prepd. by heating C,HiCl, with NH; and AcONa in aq. soln., is 
— with $-naphthol and a little stearic acid, and the product is incorporated with 
ru 

Treating rubber. Tue Naucatuck Cuemicat Co. Fr. 688,494, Jan. 20, 1930. 
Deterioration of rubber is prevented by treating it with a diaminodiphenylmethane or a 
condensation product of this with CH.O. An example is given of the use of 4,4’-diamino- 
diphenylmethane (by treating PhNH: with CH,O, and treating the methyleneaniline 
with PhNH:.HCl). 

Electrophoretic deposition of rubber from aqueous solutions. THe ANODE RUBBER 
Co., Ltp. Ger. 509,980, Apr. 29, 1926. The deposition takes place on a conductor 
permitting the passage of gas and forming part of a suction chamber in which a reduced 
pressure is maintained. 

Preserving rubber. Tue B. F. Goopricn Co. Fr. 688,009, Jan. 10, 1930. Rub- 
ber is preserved by treating it with a tetra-substituted hydrazine such as tetraphenyl- 
hydrazine or a tetraphenylhydrazine substituted with alkyl, hydroxyalkyl or similar 
groups. The substituted hydrazine may be incorporated in the rubber compn. before 
vulcanization. Examples are given of the use of tetraphenyl-, tetrabenzyl-, tetra-p- 
toluyl- and N,N’-di-p-anisyl-N,N’-diphenylhydrazine. These derivs. are prepd. by a 
regulated oxidation of secondary aromatic amines. Cf. C. A. 25, 617. 

Preservation of rubber. SHERMAN I. StRICKHOUSER (to Dominion Rubber Co., 
Ltd.). Can. 305,668, Nov. 11, 1930. Rubber stock is treated with S, ZnO and an 
accelerator together with benzil, and then vulcanized. This retards cracking. 

Retarding deterioration of rubber. Ww. S. CaLcotr and Wm. A. Douctass (to 
E. I. du Pont de Nemours & Co.). U.S. 1,787,064, Dec. 30. A small proportion (suit- 
ably 1-5%) of 4,4’-diaminobenzhydrol, 4,4’-methylamino-3,3’-dimethylbenzhydrol or 
other diamino and substituted diaminodiarylhydrols is added to a rubber mixt. before 
vulcanization. Numerous compds. suitable for this purpose are mentioned. U. S. 
1,787,065 describes the use of p,p’-tetramethyldiaminodiphenyl ketone, 4,4’-diamino- 
diphenyl ketone and other diamino and substituted diaminodiaryl ketones for the same 
purpose and gives numerous examples. 

Inhibitor of oxidation in rubber. ALBERT M. CLirForp (to The Goodyear Tire and 
Rubber Co.). Can. 306,332, Dec. 2, 1930. Rubber is preserved by vulcanizing it in 
the presence of a tertiary naphthylamine. Cf. °C. A. 24, 3925. 

Extraction of rubber. V. F. Karis. Russ. 21,612, Dec. 5, 1927, and 22,744, Jan. 
16, 1928. The rubber-contg. material is treated with solvents such as light petroleum 
fractions to remove admixts. and to ext. the rubber. It is claimed that rubber can be 
saa by the above method from larvae of caterpillars breeding on the Chondrilla 
plant. 

Apparatus for —_— or masticating rubber or similar materials. Davin R. Bowen 
and Cari F. Scunuck (to Farrell-Birmingham Co.). U.S. 1,787,507, Jan. 6. Struc- 
tural features. 

Incorporating powders in the rubber mixture. L.M.Gorsunov, S. I. RoZENBERG 
and S. K. SeRpDOBOLSKII. Russ. 34,205, Oct. 20, 1928. Powdery material is first 
mixed with tars, vegetable or mineral oils, bitumens, pitch, residues, wax, ozocerite, 
paraffin orceresin. A liquid or a paste or briquets are prepd. from the above mass which 
is then incorporated into the rubber mixt. and passed through rollers. 

Rubber articles. THe ANopE RuBBER Co. (England), Ltp. Fr. 687,694, Jan. 4, 
1930. Articles of moderate thickness such as gloves or tobacco pouches are made by 
dipping a former, porous or not, into an aq. dispersion of rubber, etc., and submitting 
the deposit on the former to the action of a vaporous, gaseous or liquid coagulating or 
solidifying agent. 

Sponge rubber articles which may be of large size. DuNLop RusBBER Co., LTp., 
G. W. Trosrince, E. A. Murpny, D. F. Twiss and W. G. Gornam. Brit. 333,952, 
May 28, 1929. Various details of app. and procedure are described for producing sponge 
articles ‘‘of practically unlimited size’’ from frothed dispersions of rubber introduced 
into molds provided with elec. or other suitable heating devices. Dispersions may be 
used such as those described in Brit. 332,525-6 (C. A. 25, 487). ~ . 
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Repairing shoe soles with rubber mixtures. CLARK H. Geprert. U. S. 1,786,- 
907, Dec. 30. There is applied to the sole a semi-liquid mixt. contg. rubber dissolved 
in a solvent such as benzine and also contg. ‘‘builders’ cement,” and water is subse- 
— applied to cause the cement to set and harden upon evapn. of the solvent and 

e water. 

Rubber-impregnated fibrous materials such as felted wood pulp material. Grorcr 
A. RicuTER and Rocer B. Hit (to Brown Co.). U.S. 1,787,952, Jan. 6. Material is 
impregnated with an aq. rubber dispersion, and then treated with a rubber solvent to 
effect a swelling of the rubber, and the solvent is removed. 

Cellular rubber products. Harry L. Fisner (to B. F. Goodrich Co.). U. S. 
1,786,563, Dec. 30. liular products are obtained by heating rubber contg. S with a 
substance of the general formula R—SO,-X, such as a mixt. of p-toluenesulfonic acid and 


2SOx. 

Plastic material from rubber and celluloid. D.S. VELrmKovsxu. Russ. 27,774 and 
28,292, May 16, 1928. A soln. of rubber and Al soaps (fatty or naphthenic or a mixt. of 
both) in gasoline dild. with petroleum ether is mixed slowly, with const. agitation, with a 
soln. of celluloid in acetone or amyl acetate which is added to the rubber-soap soln. 
The acetone and amyl acetate soln. should be first dild. with petroleum ether. The 
solvent is evapd. and the material is dried. 

Dispersing plastic materials. K.D.P.,Ltp. Fr. 686,711, Dec. 16,1929. Plastic 
materials such as crude, vulcanized or regenerated rubber or factis are dispersed by 
treating them in the presence of hydrotropes, with the exception of soaps. Examples 
are given of the treating of such substances in mixers with Na toluenesulfonate, Na 
naphthalenedisulfonate, casein and salts of gallic acid. The dispersion is facilitated by 
the addn. of finely divided solids such as BaSQ,, lithopone, quartz powder and lamp- 
black. Cf. C. A. 24, 6063. 

Dispersions of plastic materials. K. D. P., Ltp. Fr. 686,764, Dec. 17, 1929. 
Colloidal dispersions of plastic materials such as rubber, gutta-percha, balata or factis 
are brought to the thixotrope state by bringing the colloids added, such as bentonite or 
clay or those occurring naturally in the dispersion, to the thixotrope state by the addn. 
of NaCl or Li,SO,. Under the term ‘“‘thixotropy”’ is included the phenomenon where 
colloids form with their dispersing agents a plastic gel (sometimes even elastic) which can 
be transformed by agitation, shocks or pressure to the state of a sol, and the dispersions 
thus liquefied when left to rest are transformed afresh to the state of a plastic gel. 
Thixotrope gels artificially prepd. include the sol of dialyzed Fe,O; which can be con- 
verted into the plastic gel by an electrolyte soln. 

Synthetic rubber. I. G. FarBentinp. A.-G. Fr. 687,808, Jan. 7, 1930. Hydro- 
carbons of the butadiene series are polymerized by treating them with a homogeneous 
mixt. of metallic Na and solid powd. diluents such as NaCl. 

Syntheticrubber. I.G. FarBENIND. A.-G. Brit. 333,894, May 16, 1929. Polym- 
erization of diolefins such as butadiene is effected in the presence of hydrazine or its 
derivs. such as hydrazoisobutyric acid, hydrazine dicarboxylic acid ethyl ester or Na 
phthalyl hydrazide and of oxidizing agents such as H.O, or its compds. with org. sub- 
stances such as betaine, urea or NaOAc.or inorg. compds. such as perborates, percarbon- 
ates or the compd. of KF with H,O:, and air or O, ozonides or enzymes also may be used, 
together with various specified emulsifying agents of different characters. Several 
examples are given. 

Synthetic rubber. I. G. Farseninp. A.-G. Fr. 686,934, Dec. 19,1929. Sol. 
polymerization products are prepd. from butadiene hydrocarbons in aq. suspension or as 
an aq. emulsion in the presence of oxidizing agents, by operating in the presence of sub- 
stances which prevent the formation of difficultly sol. products, such as phenols, thymol, 
hydroquinone, resorcinol, pyrocatechol, pyrogallol, AcOH or aldol resins, or acetone and 
its condensation products. Certain inorg. substances such as I, colloidal S or arsenious 
acid may also be used. 

Synthetic rubber. I. G. Farseninp. A.-G. Fr. 686,960, Dec. 19, 1929. Products 
resembling rubber are prepd. by polymerizing 1,3-butadiene diluted with over 25% of 
an aliphatic ether of low b. p. such as Et,O or Me,O. 

Rubber-like product from mineral oils. E.W.Huttman. Brit. 333,901, Feb. 18, 
1929. See U.S. 1,704,194 (C. A. 23, 2071). 

Vulcanization of rubber. SmNney M. Capwe tt (to The Dominion Rubber Co., 
Ltd.). Can. 305,664, Nov. 11, 1930. A rubber mixt. contains S and a Cl-contg. 
deriv., a product of condensation of aldehydes having 2-7 C atoms in the open chain 
with pri aromatic amine. 

ulcanization of rubber. SipNEY M. CADWELL (to The Dominion Rubber Co., 
Can. 305,666, Nov. 11, 1930. The rubber mixt. contains ZnO, a vulcanizing 
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agent and a phenylmethylenebis compd. of a dialkyldithiocarbamate capable of hy- 
drolyzing in aq. alc. in the presence of NaOH at least as rapidly as does diphenylmethy] 
dimethyldithiocarbamate under the same conditions; further a basic material is intro- 
duced during the vulcanization. 

Vulcanizing rubber to leather. Lron B. Conant (to Standard Patent Process 
Corp.). U.S. 1,787,145, Dec. 30. Leather coated with rubber cement and heated to 
—— for hot vulcanization is united with and vulcanized to arubber compn. Cf. 

. 4666. 

Vulcanized oil products. D. GrsTeTNER, Ltp. Ger. 508,418, Nov. 27, 1925. 
See Miller (C. A. 21, 2576). 

Apparatus for devulcanizing rubber by digestion with alkali or acid, etc. Byron 
R. BARDER (to Biggs Boiler Works Co.). U.S. 1,787,891, Jan. 6. Structural features. 


(Translated from Revue Générale du Caoutchouc, Vol. 7, No. 67, pages 27-34, December, 1930.] 


Tensile Tests of Vulcanized Rubber 
at High Speed 


A. van Rossem and H. B. Beverdam 


TutRD COMMUNICATION ON THE PHYSICAL-MECHANICAL PROPERTIES OF VULCANIZED RUBBER! BY 
THE STATE INSTITUTE OF RUBBER RESEARCH AT DELFT 


I. Introduction 


The types of apparatus most frequently used for elongation tests of rubber have 
only a slow speed. Thus the maximum rate of elongation of the Schopper dy- 
namometer is 120 cm. per minute and in ordinary practice 60 cm. per minute is the 
speed used. The normal rate ordinarily used in America with the Scott apparatus 
is 20 in. per minute. 

On the other hand, it has been found by experience that slightly vulcanized 
rubber which, on the Schopper machine, gives very good values of tensile strength 
and resilient energy at rupture, even excellent values, is on the contrary brittle when 
stretched very rapidly by hand and breaks with a very low elongation. Conse- 
quently it is of interest, chiefly from the point of view of a study of rubber, to carry 
out elongation tests at high speed. As is easily seen from the technical literature, 
this problem has been neglected. 

At the Bureau of Standards the influence of the rate of elongation on the re- 
sults of tensile tests has already been studied, but the rate varied only between 
five and forty-five inches per minute. Briefly, the results of this study? seem to 
indicate a general tendency for the elongation and resistance to extension to increase 
with increase in speed of elongation. 

Hauser and Rosbaud? have also made tests on the influence of the speed of elonga- 
tion, but their tests were on raw rubber and at extremely slow speeds. As for the 
brittleness which appears at high rates of elongation, only very casual references 
are to be found in the literature. 

By a study of gas black Park‘ has proved that the maximum physical properties 
found by hand-testing do not agree with the maximum obtained with the Scott 
dynamometer. Recently Wright’ has also pointed out the “shortness” of vul- 
canized rubber and has emphasized the importance of tensile tests at high speed. 

Unfortunately, we did not have at our disposal any apparatus which permitted 
recording the stress-strain curve at high speed and reading the ultimate elongation 
and tensile strength. Accordingly, we used in our tests a Charpy ram pendu- 
lum, belonging to the section of metallography of the Polytechnical School of 
Delft. It is known that this apparatus as well as others similar to it are used in 
determining the energy necessary to rupture various materials. 

This apparatus was changed and on the two supporting surfaces were attached 
two pins in such a way that a rubber ring could be placed there without elongation 
as seen in Fig. 1. This ring was then broken with the ram pendulum.’ The 
greater the energy expended in breaking the ring, the less the pendulum rises. As 
is known, the energy expended in breaking the ring is calculated by the aid of 
a numerical table by comparison with an oscillation without rupture of the ring. 

For each type of vulcanizate, at least six rings were tested by this pendulum 
method. In addition some rings from the same vulcanizates were given the usual 
tensile test on the Schopper dynamometer. From the resulting curve the energy of 
rupture can be determined in kilograms in the usual manner by the aid of a plan- 
imeter. 
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II. Experimental Section 
The tests were first made on a mixture A having the composition: 


First latex crepe 100 
Sulfur 7.5 
Diphenylguanidine 1 
This mixture was vulcanized for 10, 20, 30, 40, 50, and 60 min. in an oil bath at 147°. 
The rings, died out from the slabs, were then given tensile tests on the ram pendu- 
lum and the Schopper dynamometer. The results are summarized in Table I and 
reproduced in Fig. 2. 
TABLE I 
RESULTS OF COMPARATIVE TENSILE TESTS WITH MiIxTuRE A, VULCANIZED IN THE 
Om BatTH aT 147° 
Schopper Dynamometer 
” Tensile Ram Pendulum 
Time Strength 


in Min. of _ in Kg. per a 
Vulcanization Sq. Cm. Rupture ¢ 


Coefficient 
of 


Vulcanization 


0.9 
2.6 


yw 


\ 
IN 


Energy at rupture in kg. 


@ 


10 20 50 b0 


Time of vulcanization in min. at 147° C. 


Schopper dynamometer 
Ram pendulum 


Figure 2—Results of Experiments on the 
Schopper mometer and Ram Pen- 
dulum for ture A 


Figure 1—Method of Tes with the Ram 
Pendulum Ma e 


It is plainly evident from this table and Fig. 2 that the maximum energy at rup- 
ture is not the same by the two methods. The tensile tests with the dynamometer 
show a horizontal maximum which is maintained even if the period of vulcaniza- 


- 908 2.54 1.46 
877 4.34 4.34 
842 2.84 2.84 3.7 
816 1.33 1.33 4.7 
Ss 816 0.62 0.62 5.4 
730 0.61 0.61 5.9 
Plan 
: 
5,6 
i 
i 
Front View 
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tion varies for ten minutes (from 30 to 40 min.) (combined sulfur 4.3 per cent) 
whereas the tensile tests on the ram pendulum show a very acute maximum for a 
time of vulcanization of twenty minutes (combined sulfur 2.4 per cent). For 
little longer times of vulcanization the values of the energy at rupture with the 
ram fall very rapidly. In short, with the rapid elongation tests the rings appear 
brittle, which agrees with the hand test. The magnitude of the maximum of the 
energy at rupture differs by the two methods, which is not surprising because the 
methods are rather different and moreover the tensile tests at high speed are not 
perfected in their present execution. 

The influence of loadings on the brittleness of the ring in the high speed tests 
was then studied. To this end mixtures B and C of the following composition were 
prepared: 


First latex crepe 
Sulfur 


Diphenylguanidine 
Precipitated barium sulfate 
Lamp black 


Lamp black was selected because in previous tests with gas black on mixture C 
the energy of the ram pendulum (maxi- 

ao mum 10 kilos) was not sufficient to 
C1 stretch the rings to the breaking point. 
Mixtures B and C were then vulcan- 
ized for 10, 20, 30, 40, 50, and 60 minutes 
at 147° in the oil bath and the tensile 
properties of the rings, died out from 
the slabs, were tested comparatively 


oO 


56 


Energy at rupture in kg. 


Energy at rupture in kg. 


[~ 


30 40 60 
ate, 147° C. Time of vulcanization in min. at 147° C. 
dynamometer (Al, B1, Cl) 
Ram pendulum (A2, B2, C2) Schopper dynamometer 


Figure 3—Results of o> ye with Figure 4—Results of Experiments with 
Mixtures A, B. Cc Mixture 


2 


with the Schopper dynamometer and the ram pendulum. The results of these tests 
are grouped in Table IT and shown graphically in Fig. 3. 

Fig. 3 also gives the results of tests in Fig. 2 for mixture A. While mixtures B 
and C, like mixture A, show with the Schopper dynamometer a maximum as a 
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plateau for the energy at rupture in the case of the tests with the ram pendulum 
this maximum appears at much shorter times of vulcanization and it is very much 
sharper. With mixtures B and C the energy at rupture diminishes very rapidly 
as soon as the maximum is passed. 

The reinforcing action of barium sulfate and of lamp black is clearly shown in 
the two types of tensile tests. Mixture C with lamp black after 60 minutes of 
vulcanization does not show any brittleness in the hand test, probably as a result 
of its greater stiffness which prevents quick stretching by hand. As a result of 
this, tests by hand of reinforced mixtures may give rise to false conclusions. 

Several commercial mixtures were then studied. Mixtures D and E had the 
following compositions: 

D E 


First latex crepe 100 100 
Sulfur 5 3 
Diphenylguanidine 1 4 
Zinc oxide 3 


These mixtures were likewise vulcanized for increasing times in the oil bath and 
the rings died out from the slabs were given tests by the two methods. The re- 
sults of the tests of sample D are grouped in Table III and Fig. 4, for mixture E in 
Table IV and Fig. 5. 


TABLE II 


RESULTS OF COMPARATIVE TESTS WITH MIXTURES B AND C, VULCANIZED IN THE OIL 
Batu aT 147° 


Schopper Dynamometer 
Tensile Ram Pendulum 
Time Strength Elongation Energy at Energy at Coefficient 
in Min. of in Kg. per at Rupture Rupture te) 
Vulcanization Sq. Cm. Rupture in Kg. in Kg. Vulcanization 


Mixture B (with 10% by Volume of Barium Sulfate) 
5.22 


Mixture C (with 10% by Volume of Lamp k) 


F 


Our 


RESULTS OF COMPARATIVE TENSILE TESTS WITH MIXTURE D VULCANIZED IN THE OIL 
Batu at 147° 


Schopper Dynamometer 


Tensile Ram Pendulum 
Time Strength Elongation Energy at Energy at Coefficient 
in Min. of in Kg. per at oO 
Vulcanization Sq. Cm. Rupture i i i % Vulcanization 


|| 
| 808 5.77 5 
821 5.84 3 
815 5.76 2 
| | 820 6.00 1 
783 5.57 0 
eee |! 722 6.10 7 
749 8.56 5 
742 8.89 2 
ee 721 8.64 1 
710 8.00 1 
TABLE III 
ee 729 4.79 4.90 1.9 
are 679 5.44 2.96 2.6 
| re 615 4.58 0.58 3.2 
603 3.77 0.50 3.6 
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TABLE IV 


RESULTS OF COMPARATIVE TENSILE TESTS WITH MIxTURE E VULCANIZED IN THE 
Om Batu aT 147° 


Schopper Dynamometer 


: Tensile Ram Pendulum 
_ Time Strength Elongation Energy at Energy at Coefficient 
in Min. of in Kg. per at Rupture Rupture of 
Vulcanization Sq. Cm. Rupture in Kg. in Kg. Vulcanization 


4.10 1.1 
4.69 . 9 
4.83 
4.73 3 
4.50 2.4 


In Fig. 4 there are shown by way of example the highest, the lowest, and the mean 
values obtained with the ram pendulum. It is clear that the values obtained by 
this method agree very well. Mixture D gives the same form as mixture A, i. e., a 
very sharp maximum with the ram pendulum and for a short time of vulcanization. 
For a longer time of vulcanization the rings show some brittleness. The maximum 
of this mixture occurred at a lower coefficient of vulcanization than that of 
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Time of vulcanization in min. at 147° C; 
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Energy at rupture in kg. 
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Time of vulcanization in min. at 147° C. 
Schopper dynamometer —--—-— Schopper dynamometer 
Ram pendulum Ram pendulum 
Figure 5—Results of Experiments with Figure 6—Results of Experiments with 
Mixture 


ws 
Ss 


Mixture 


Mixture E gives a different curve. The energy at rupture of this mixture, deter- 
mined on the ram pendulum, does not show a sharp maximum with rapid descent 
of the curve; moreover, the general course of the curve of the energy at rupture with 
increasing times of vulcanization is practically identical by the two methods. Here 
then the rings do not become brittle when the rate of elongation becomes greater. 

Finally, a mixture for auto tires of the following composition was studied: 


ar latex crepe 


Diphenylguanidine 
This mixture was also vulcanized in an oil bath at 147° for increasing lengths 


of time up to 120 minutes and the rings were given tensile tests with the two types 
of apparatus. The results of these tests are combined in Table V and reproduced 


in Fig. 6. 


| 
755 
| 718 
| 714 
mixture A, 
bo 
| " 
8 : 
Zinc oxide 10 
Lamp black? 42.5 
Stearic acid 2 
Machine oil 2 
Sulfur 3.5 
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TABLE V 


RESULTS OF COMPARATIVE TENSILE TESTS WITH MIXTURE F 
Schopper Dynamometer 


Tensile Ram Pendulum 
Time Strength Elongation 
in Min. of in Kg. per at 
Vulcanization Sq. Cm. 


Mixture F shows the same curve as mixture E. The energy at rupture, deter- 
mined on the ram pendulum of Charpy, does not show a sharp maximum for in- 
creasing times of vulcanization, but on the contrary a curve which descends slowly 
after the maximum. The relation between energy at rupture and the time of 
vulcanization gives practically identical curves for mixture F by the two methods. 

The difference in the behavior of mixtures E and F compared to mixtures A and D 
is to be noted and taken into consideration with the fact that the quantity of sulfur 
selected is so small in mixtures E and F that overvulcanization is impossible, while 
it is possible in mixtures A and D for too long times of vulcanization. 

From Figs. 2 to 4 it may be concluded that overvulcanization of the mixture and 
the brittleness of vulcanized rubber appear much more strikingly and more rapidly 
in the high speed tests with the ram pendulum. 

It seemed appropriate to again confirm this observation by accelerated aging 
tests. Accordingly a mixture of this composition was prepared: 


First latex crepe 
Sulfur 
Diphenylguanidine 


and different slabs of this mixture were vulcanized by heating for 10, 20, 30, 40, and 
50 minutes in an oil bath at 147.° The rings died out from the different slabs thus 
treated were tested on the dynamometer and on the ram pendulum.® The tests 
obtained are grouped in Table VI and shown graphically in Fig. 7. 


TABLE VI 
RESULTS OF COMPARATIVE TENSILE TESTS WITH MIXTURE G 


Schopper Dynamometer 
Tensile Ram Pendulum 
Time Strength Elongation Energy at 
in Min. of in Kg. per at Rupture 
Vulcanization Sq. Cm. Rupture in Kg. 

924 1.92 
884 5.07 
837 5.51 
800 5.51 
739 4.99 


It can be seen that the same curve is obtained as with mixture A. The energy at 
rupture determined by the Schopper dynamometer has a maximum for times of 
vulcanization of 40 to 50 minutes, while the energy at rupture with the ram pendu- 
lum presents an acute maximum for a time of vulcanization of twenty minutes 


| 
} = 
| 
{ 
if ~ ee 155 643 6.47 8.18 
177 600 7.16 8.54 
RRR 180 582 7.27 8.66 
pala 184 571 7.45 8.45 
165 557 6.76 7.95 
154 566 6.46 8.01 
92.5 
7.5 
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and then decreases rapidly. After these experiments the aging of the same samples 
was determined according to the Geer-Evans method. 

For this the slabs vulcanized for 10, 20, 30, 40, and 50 minutes were placed in a 
thermostat at a constant temperature of 70° and after three, seven, and fourteen 
days the energy at rupture was again determined with the Schopper dynamometer. 
The results obtained are reported in Table VII and reproduced in Fig. 7. 


TABLE VII 


VARIATIONS IN THE ENERGY AT RupTuRE DUE TO HEATING aT 70° 
Schopper Dynamometer 


Time in Min. of Before 
Vulcanization Heating 


Time of Heating 


0.26 


The table and the figure show that after heating three days at 70° the energy at 
rupture of the ring vulcanized 50 minutes has already diminished greatly, after 
seven days the same applies to a ring vulcan- 
ized 40 minutes and after fourteen days the 
same is true for a ring vulcanized 30 minutes. 

After heating fourteen days at 70° the 
energy at rupture determined with the 
Schopper dynamometer gives a curve which 
shows a marked similarity to the curve of the 
energy at rupture determined with the ram 
pendulum before heating. The two curves 
plainly show the same maximum for twenty 
minutes of vulcanization. 

The test has accordingly proved that the 
curve.of the energy at rupture as determined 
by the ram pendulum is of great importance 
in relation to the question of the exact degree 
of vulcanization. The maximum of this 
curve indicates the exact duration of the 

time of vulcanization while the smaller 
30 values of the energy at rupture obtained 

Schopper dynamometer _—«‘for vulcanizations of 30, 40, and 50 minutes 

Ram pendulum show that these rings are already overvulcan- 


B, after 3 days at 70° ized 


Thus it is evident from these different tests 
Figure 7—Changes in —_ Energy at _ that the determinations of elongation at high 
Ayprure {Schopper) after Accelerated speed permit a better idea of the technical 
value of vulcanized rubber than the usual 

tensile test at low speed. The tensile tests at high speeds offer a simple method 


for establishing the exact degree of vulcanization. 


Final Remarks—Summary 


In the present article the technical importance of tensile tests at high speeds has 
been discussed. As there is no apparatus constructed especially for this purpose 


|_| 

Days 7 Days 14 Days 
3.15 2.63 1.49 
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the tests were carried out with a ram pendulum similar to that used to determine 
the brittleness of metals (10 kilos). The usefulness of the apparatus is clearly 
shown by the results of the tests. If a rubber factory or a laboratory for the study 
of rubber has in its possession such a ram pendulum, this apparatus can be-easily 
used for establishing the time of vulcanization of commercial mixtures. But it 
should not be concluded from the foregoing that this apparatus is the best that is 
suited to tensile tests at high speed. The apparatus has various inconveniences for 
such use: (a) It is possible to work only at a definite speed which depends upon the 
length of the pendulum. (6) It is possible to determine only the energy at rupture. 
The apparatus does not allow measurements of the ultimate elongation and the 
resistance to stress. 

It would therefore be desirable to have available an apparatus with the following 
possibilities: 

1. Determination of the resistance to stress, of the ultimate elongation, and of 
the energy at rupture. 

2. Graphic recording of the relation between the stress and the elongation at 
high speeds. 

3. Possibility of changing the speed. 

If this last condition is difficult to fulfill it would be desirable to establish the 
most suitable speed by a preliminary study. We do not doubt that stress-strain 
tests at high speed will furnish in the near future a very important chapter in the 
commercial study of rubber and that they will likewise be of great scientific value 
in obtaining a more complete understanding of the physical properties of rubber 
which is also evident from the research of Ornstein, Eymers, and Wouda.° 

However, the codperation of firms making apparatus will be necessary and for this 
reason we wish to bring this communication to a close with the hope that these 
preliminary studies will encourage the firms engaged in the construction of testing 
apparatus to study as soon as possible the perfecting of such an apparatus which will 
offer to the technical circles of rubber industry the possibility of carrying out ten- 
sile tests at high speed. 


Résumé 


1. In so far as they are concerned with technical examination, tensile tests at 
high speed show great advantages over the usual tensile tests. 

2. The ram pendulum is very useful for a simple tensile test at high speed and 
for the direct determination of the optimum energy at rupture. 

3. The time of vulcanization which corresponds to the maximum energy at 
rupture by the ram pendulum is, contrary to the time of vulcanization corresponding 
to the maximum tensile strength determined by the Schopper dynamometer, of 
technical interest, because the solidity of vulcanized rubber in the optimum time is 
likewise optimum. 

4. For tensile tests at high speed, the ram pendulum has a certain number of 
defects. It would be very desirable for the technical study of rubber and also for 
scientific studies of rubber if the firms manufacturing testing apparatus would con- 
struct an apparatus suited to these tests of elongation at high speed. 

The tests described in the present article were carried out in 1929-30. We do 
not wish to omit at this place our thanks to Professor Kley, Director of the Metallo- 
graphic Laboratory of the Polytechnic School at Delft for his promptness in carry- 
ing out tests on the ram pendulum in his laboratory. We wish likewise to thank 
H. P. Teunissen, who carefully executed the last series of experiments. 
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The Influence of Rubber “Resins” 
in Zinc Oxide-Accelerator 
Mixings 


There is no doubt that the natural fatty acids in rubber have important effects 
on the vulcanization of many mixings containing an organic accelerator and 
zinc oxide. The majority of workers who have investigated these effects have con- 
fined their attention to, and drawn their-conclusions‘from, experiments with mixings 
containing about 5 parts of zinc oxide per 100 parts of rubber. Martin and Davey! 
have shown, however, that a number of accelerators which require the help of 
fatty acids in the presence of 5 parts of zinc oxide are very effective without fatty 
acids when much larger quantities of zinc oxide are present. They have suggested 
that the function of the fatty acids is to prevent the flocculation of the zinc oxide 
and so increase the surface available for reaction with the accelerator. This is 
important in mixings containing low proportions of zinc oxide, but not in the case 
of mixings containing high proportions where there is much more than sufficient 
zinc oxide to satisfy the requirements of the accelerator. 

Whitby and Evans,” however, favor the view that fatty acids are generally es- 
sential to vulcanization in the presence of large quantities of zinc oxide, and that the 
function of the fatty acids is to form a zinc compound soluble in rubber, which is 
then capable of reacting with the accelerator. It is suggested that there is no re- 
action between insoluble zinc oxide and most accelerators. 

As a result of experiments with Grasselli ‘“808,’’ anhydroacetaldehyde-aniline, 
and mercaptobenzothiazole, Whitby and Evans claim “that Martin and Davey’s 
statement is not generally valid, since, even in the presence of considerable amounts 
of zine oxide, fatty acids are highly favorable to the activity of these accelerators.” 

Whitby and Evans’ statement, however, is not wholly consistent with the facts 
given in their paper. In the case of Grasselli “808” accelerator, these authors ex- 
plain that “the favorable influence of the acid was relatively less in the presence of 
the larger than in that of the smaller proportion of zinc oxide.”” An examination of 
their stress-strain curves (Figs. 5 and 6)? shows that acids have remarkable activat- 
ing effects in the presence of 5 parts of zinc oxide, but in the presence of 20 parts 
of zine oxide these effects are so reduced as to be comparable in magnitude with the 
small softening effect produced by increasing the amount of acid in the mixing 
from 1 to 3 parts. 

The stress-strain curves (Figs. 3 and 4)? obtained with anhydroacetaldehyde- 
aniline also show a reduction in the activating effect of the acid when the amount 
of zine oxide is increased from 5 to 20 parts. No results are recorded with either 
Grasselli ‘808’ or anhydroacetaldehyde-aniline with mixings containing more than 
20 parts of zinc oxide. With these proportions, as will be seen from the results 
tabulated later, acids still have in some cases a remarkable effect, but with 50 or 
100 parts of zinc oxide the effect usually disappears. 

In the case of mercaptobenzothiazole, Whitby and Evans? state that “at 126° 
mercaptobenzothiazole produced no cure at all in the absence of acid, even when as 
much as 100 parts of zinc oxide per 100 of rubber was present.”” In another part of 
the paper this statement is modified to read “none of these (acid-free mixings) 
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cured at all except the stock containing 1 part of zinc oxide, which gave a product 
too weak to be tested.” Results of tests are given, however, in Table III and Fig. 2 
of Whitby and Evans’ paper, with 5 parts of zinc oxide, indicating that appreciable 
vulcanization has taken place with the acid-free rubber, though superior results are 
obtained when acids are present. 

The conclusions of Martin and Davey! were drawn from experiments carried out 
with thiocarbanilide, ‘“Suparac,’’ diphenylguanidine, p-nitrosodimethylaniline, 
aldehyde-ammonia, and hexamethylenetetramine. Since then the range of ac- 
celerators in use has been considerably increased, and it was considered that the 
investigation should be extended to cover a range of these more recent accelerators. 
These were selected from the constituent groups of a classification of accelerators 
proposed by Dinsmore and Vogt,’ and comprised the following: 

Accelerator Group— Accelerator Used— 


Dithiocarbamate ‘“‘Suparac”’ 
Xanthate Zinc ethylxanthate 
Thiuram Tetraethylthiuram disulfide 
Mercaptobenzothiazole (a) Captax 
(6) Z-88 (ammonium salt of mercapto- 

benzothiazole + softener) 
“Faster aldehydeamine’”’ derivative A-16 
Ethylideneaniline A-7 
Guanidine Di-o-tolylguanidine 
Thiourea Di-o-tolylthiourea 
Miscellaneous p-Nitrosodimethylaniline 


The rubber used consisted of a large sample of first latex crepe. The extracted 
rubber consisted of portions of the same crepe which had been submitted to a period 
of extraction with hot acetone for at least 18 hours, and was used as soon as pos- 
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Parts of Zinc Oxide Added Parts of Zine Oxide Added 
Figure 1 Figure 2 


1. Acetone-extracted rubber. 2. Unextracted A—‘‘Vulcafor VII.” Cure—30 min. at 131°. B—Zinc 
tubber. Cure—20 min. at 141°. ethylxanthate. Cure—30 min. at 126°. 


sible after extraction. The acid number of the extracted rubber ranged from 16 to 
18. The basic rubber-sulfur mixings containing an appropriate amount of the 
accelerator were vulcanized (a) without any addition of zine oxide, (b) with the 
addition of amounts of zine oxide ranging from 1 to 100 parts per 100 parts of 
rubber at a temperature, and for a range of periods, depending on the activity of the 
accelerator. 

The physical state of cure of the vulcanized test-pieces was determined by 
measuring from the stress-strain curves the elongation given by a fixed load of 0.6 
kg. per sq. mm. Owing to the shape of the stress-strain curve, this method is 
considered to be preferable to measuring the load required to give a constant 
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elongation. These elongations have been plotted against the parts of zinc oxide 
per 100 parts of rubber used in each of the mixings. A comparison of the curves 
given by the extracted and unextracted rubbers illustrates the relative effects 
produced by the natural acids present in the unextracted rubber. 

Figure 1 illustrates the results obtained with ethylideneaniline (A-7) using a basic 
mixing of rubber 100, sulphur 3.75, and accelerator 1. It will be observed that 
good vulcanizates were given by this accelerator in the absence of zinc oxide. The 
differences in the state of cure of the extracted and unextracted rubbers were con- 
siderable in the presence of 5 parts of zinc oxide, but with 50 parts or more of zinc 
oxide these differences were considerably reduced. The mixings containing large 
quantities of zinc oxide did not commence to vulcanize as quickly in the extracted 
rubber as in the unextracted rubber, but on increasing the time of vulcanization 
both sets of mixings gave practically the same results. 

The effects produced by “faster aldehydeamine” derivative (A-16), using the 
same mixing as above, were very similar to those produced by ethylideneaniline. 

Figure 2 shows the results of experiments using (a) ‘‘Vulcafor VII”’ (tetraethyl- 
thiuram disulfide), and (6) zinc ethylxanthate. The basic mixings used were 
(a) rubber 100, sulfur 2, ““Vulcafor VII” 1, and (6) rubber 100, sulfur 5, zinc 
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JO 20 30 40 50 60 10 20 30 40 50 60 70 Bo So 100 
Parts of Zine Oxide Peg Parts of Zinc Oxide Added 
Figure 3 Figure 4 


1. Acetone-extracted rubber, 2. Unextracted 1. Hot acetone-extracted rubber. 2. Cold ace- 
rubber. Cure—30 min. at 141°. tone-extracted rubber. 3. Unextracted rubber. 
Cure—60 min. at 126°. 


ethylxanthate 1. Very poor vulcanizates were obtained with each of these accelera- 
tors, without the addition of zinc oxide. With one or more parts of zinc oxide, how- 
ever, well-vulcanized rubber was obtained from both the extracted and unextracted 
mixings, indicating that the presence of “resin” acids is not essential to the activa- 
tion of these accelerators even when only small amounts of zinc oxide are present. 

The results obtained with di-o-tolylguanidine in a basic mixing comprising rubber 
100, sulfur 5, di-o-tolylguanidine 1 are illustrated in Fig. 3. As in the case of 
diphenylguanidine,' good cures were obtained with this accelerator in the absence 
of zinc oxide. Better cures were obtained in the presence of zinc oxide; when 20 
parts of zinc oxide were present there was little difference between the results given 
by extracted and unextracted rubber. This accelerator differs from most in that 
the acid-free rubber with large amounts of zinc oxide produces a harder vulcanizate 
than the rubber containing acids. This effect has been noted previously in the 
case of diphenylguanidine.* 

In the experiments with mercaptobenzothiazole (Captax) rubber obtained by 
two methods of extraction was used: (a) rubber extracted by Whitby’s method 
using a mixture of acetone and light petroleum and extracting for 3 weeks at 35° 
(cold extraction), and (6) rubber extracted with acetone in the manner usually 
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carried out at the Imperial Institute and previously described (hot extraction). 
The results obtained are recorded in Table I and the elongations under a load 
of 0.6 kg. per sq. mm. plotted against the parts of zinc oxide per 100 of rubber are 
shown in Fig. 4. These results are in general agreement with those recorded by 
Whitby, who showed that “resin” acids have a marked activating effect with mer- 
captobenzothiazole, irrespective of the amounts of zinc oxide present. 

An indication of the relative states of physical cure of the unextracted and ex- 
tracted rubbers may be obtained by a comparison of the elongation at a load of 
0.6 kg. per sq. mm. given in Table I. These ratios show that there is very little 
difference in the relative states of cure of the unextracted and extracted rubbers 
whether 5 parts or more of zine oxide are present (Table II). 

That the relative inactivity of the mercaptobenzothiazole in the extracted rubber 
is due to the lack of acids and not due either to the actual process of extraction, 
or to the loss of any other subsidiary substances, is demonstrated by the fact that 
the activity of the accelerator may be fully developed by the addition of stearic 
1007 
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Parts of Stearic Acid Added Parts of Zinc Oxide Added 
Figure 5 Figure 6 
1. Hot acetone-extracted rubber. 2. Cold ace- 1. Extracted rubber. 2. Unextracted rubber. 


tone-extracted rubber. 3. Unextracted rubber. Cure—40 min. at 141°. 
Cure—60 min. at 126°. s 


acid to the extracted rubber. Basic mixings of rubber 100, sulfur 5, zine oxide 
50, Captax 1, to which varying amounts of stearic acid were added, gave results 
which showed that approximately 1% of stearic acid is sufficient to produce the 
bulk of the activation effects, and that additional amounts of acid are without 
much further effect (Table III and Fig. 5). It follows that the normal amount of 
fatty acid in first-grade plantation rubber would ordinarily be sufficient in mercap- 
tobenzothiazole mixings. 


TABLE I 


Rubber Obtained by Rubber Obtained by Unextracted 
Cold Extraction Hot Extraction Rubber ’ 

; Time of Elongation Elongation ; Elongation 
Zinc Oxide Vulcanization Tensile at Load of Tensile at Load of Tensile at Load of 
per 100 Pts. at 126°, Strength 0.6 Kg./ Strength, 0.06 Kg./ Strength, 0.06 Kg./ 

Rubber Min. Lb./Sq. In. Lb./Sq. In. Lb./Sq. In. 


5 60 1190 744 600 850 2020 576 
20 60 1150 645 580 735 2460 515 
50 60 1430 545 850 619 2040 429 
100 60 1310 444 500 515 2230 337 


It will be noted from the foregoing table that the tensile strengths of the extracted 
rubbers were poorer than those of the unextracted rubber, and that the addition of 
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stearic acid failed to bring about a total recovery of the strength of the rubber. 
The degrading nature of the extraction process is, as one would expect, more 
marked in the case of the hot extraction than in the case of the cold extraction. 

The action of Z-88 shows a marked contrast to that of mercaptobenzothiazole. 
Whereas in the case of the latter increasing the amounts of zinc oxide caused on 
alteration in the effect of the fatty acids, in the case of Z-88 the states of cure 
of the vulcanizates from both the 
unextracted and extracted rubbers 
with the larger amounts of zinc 
oxide were very similar. Table IV 
illustrates the results obtained, which, 
when plotted, give cures of a type 
shown in Fig. 2. 

Di-o-tolylthiourea, which was tested 
in a basic mixing comprising rubber 
100, sulfur 4, di-o-tolylthiourea 3, be- 
haved differently from the majority of 
accelerators in that it required a con- 
siderable quantity of zinc oxide in 
order to produce satisfactory vulcani- 
zation. In the experiments carried 
out no appreciable vulcanization oc- 
curred without zinc oxide. The best 
results were obtained when equal quantities of rubber and zinc oxide were used; 
the mixing was then well vulcanized in 20 min, at 141° (Table V and Fig. 6). 


TABLE II 


Elongation 
$ 


10 20 30 40 50 60 7 60 9 "0 
Parts of Zine Oxide Added 


Figure 7 


Acetone-extracted rubber. 2. Unextracted 
rubber. Cure—90 min. at 141°. 
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Hot Extraction 
856:576 = 1.47: 
735:515 = 1.48: 
619:429 = 
515:337 = 


Extracted rubber: unextracted rubber .. 
Extracted rubber: unextracted rubber . . 
Extracted rubber: unextracted rubber . . 
Extracted rubber: unextracted rubber .. 


TABLE III 


Mrxinc: RuBBER 100, Zinc OxmweE 50, SutFur 5, Captax 1 


Cold Extraction Hot Extraction Unextracted Rubber 
Elongation 


1 
1 
1 
1 


1.44: 
1.53: 


Elongation 
at of 

0.6 Kg./ 
Strength, Sq. Mm. 


Stearic Acid Time of 
Added per Vulcanization Tensile 
100 Pts. at 126°, 


Tensile 


Sq. Mm. Strength, 


Rubber Min. 
0 60 
1 60 
3 60 


Lb./Sq. In. % 
1430 545 
1640 429 
2040 382 


Lb./Sq. In. 
2570 
2410 
2300 


% 
619 
448 
412 


TABLE IV 
Basic RUBBER 100, SuLFuR 5, Z-88 1 


Acetone-Extracted Rubber 


Pts. Zinc Oxide Time of 
Added (per 100 Vulcanization 
of Rubber) 

in. 


Tensile 
Strength, 
Lb./Sq. In. 


1800 
2140 


SS3SSSSS8E 


Unextracted Rubber 
Elongation Elongation 
at Load of Tensile at Load of 

0.6 Kg./Sq. Mm. Strength, 0.6 Kg./Sq. Mm. 

% Lb./Sq. In. % 


‘0 
Insufficiently cured 
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q 
Cold Extraction 
744:576 = 1.29:1 
645:515 = 1.25:1 4 
545:429 = 1.27:1 
444:337 = 1.32:1 a 
at Load of at Load 
Tensile 0.6 Kg./ | 0.6 Kg./ 4 
Strength, Sq. Mm. 
Lb./Sq. In. % 
850 447 14 
1730 447 1g 
1620 438 ; 
705 2140 677 
655 2220 595 
2s 2130 620 2540 572 
2290 576 2770 547 
2340 509 2540 512 . 
1810 458 1890 467 
| ‘1480 379 1720 393 
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Suparac and p-nitrosodimethylaniline were examined in basic mixings of rubber 
100, sulfur 4, and Suparac 2, and rubber 100, sulfur 6, and p-nitrosodimethyl- 
aniline 1, respectively. These accelerators exhibited the general characteristics 


Basic 


Time of 


Pts. Zinc Oxide Vulcanization 


at 141°, 


(per 100 
Pts. Rubber) Min. 


40 
60 


TABLE V 


RUBBER 100, SuLFuR 4, DI-0-TOLYLTHIOUREA 3 
Acetone-Extracted Rubber . Unextracted Rubber 
Elongation Elongation 
Tensile at Load of Tensile at Load of 
Strength, 0.6Kg./Sq. Mm. Strength, 0.6 Kg./Sq. Mm. 
% Lb./Sq. In. NG 


Lb./Sq. In. 0 
1750 479 2300 457 
1980 475 


1590 497 
1500 494 1560 497 


of large differences between extracted and unextracted rubbers when the propor- 
tions of zinc oxide were small, with a gradual leveling up of these differences 


with increasing amounts of zinc oxide. 


The general type of curves obtained with 


p-nitrosodimethylaniline are illustrated in Fig. 7. 
A summary of the more important facts derived from these investigations is 
contained in the following data: 


Parts of Zinc Oxide Necessary 


Accelerator 
Suparac 


Zinc ethylxanthate 


Tetraethylthiuram disul- 
fide 


Mercaptobenzothiazole 


Z-88 (mercaptobenzothia- 
zole derivative) 


“Faster aldehydeamine” 
derivative 


Ethylideneaniline 


Guanidine 
guanidine) 


Di-o-tolylthiourea 


(di-o-tolyl- 


b-Nitrosodimethylaniline 


for the Full Activation of 

the Accelerator in the Reactivity of Accelerator to 

Absence of Fatty Acids Zine Oxide 

10 to 20 pts. of zinc No cure without zinc oxide. Poor 
oxide cures in extracted rubber contain- 
ing up to 10 pts. of zinc oxide 

No cure without zinc oxide. Good 
cures with 1% of zinc oxide and 
upward in both extracted and un- 
extracted rubber 

No cure without zinc oxide. Good 
cures in presence of small amounts 
of zinc oxide in both extracted 
and unextracted rubber 

Requires zinc oxide for activation 


10 to 20 pts. of zinc 
oxide 


30 pts. of zinc oxide 


Acids are effective 
with all propor- 
tions of zinc oxide 

20 pts. of zinc oxide No cure without zinc oxide. Good 
cures in presence of small amounts 
of zinc oxide in both extracted and 
unextracted rubber 

Good cures in the absence of zinc 
oxide 


For short cures: 50 
pts. of zinc oxide. 
For long cures: 30 
pts. of zinc oxide 

Longer period of vul- 
canization 
required in the ab- 
sence of fatty acids 

10 to 20 pts. of zinc 
oxide 


Good cures in the absence of zinc 
oxide 


Good cures in the absence of zinc 
oxide. Acids retard the cure 
with large amounts of zinc oxide 

Needs large quantities of zinc oxide. 
No cure without or with small 
quantities of zinc oxide 

Good cures with small amounts of 
zine oxide in unextracted rubber. 
Needs large quantities of zinc 
oxide with extracted rubber. 


100 pts. of zinc oxide 


50 pts. of zinc oxide 
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Of the ten accelerators discussed here, together with hexamethylenetetramine 
and diphenylguanidine, which were reviewed in a previous paper,! only one ac- 
celerator, viz., mercaptobenzothiazole, markedly reacts to the presence of acids in 
mixings containing large amounts of zine oxide. 

The results last quoted are directly opposed to the conclusion that “accelerators 
requiring zinc oxide for activation require that it be in a soluble form before any 
activation takes place’ (Sebrell and Vogt*) since this cannot be generally correct 
if accelerators are activated equally well with or without acids in the presence of 
large quantities of zinc oxide. Whitby and Evans? put forward the view “that 
in the case of accelerators such as hexamethylenetetramine and diphenylguanidine, 
which are capable of producing good cures in the absence of zinc oxide, acids are 
comparatively unimportant.’”’ Acids have a pronounced effect, however, with both 
hexamethylenetetramine and diphenylguanidine when small amounts of zinc 
oxide are present. In this respect the results obtained by Whitby and Evans with 
hexamethylenetetramine differ from those obtained by Sebrell and Vogt* and Martin 
and Davey,’ possibly owing to the extracted rubber being obtained by a different 
method of extraction. 

Whitby and Evans? also suggest “‘that in the case of accelerators which func- 
tion only poorly in the absence of zinc oxide, the presence of fatty acids is important 
or essential.” It will be seen, however, that among the accelerators which have 
been discussed, several gave very poor vulcanizates without zinc oxide, but pro- 
nounced activation was obtained in the absence of fatty acids when large quantities 
of zinc oxide were present. Only one accelerator was definitely activated by fatty 
acids in the presence of large amounts of zine oxide. 

The results generally confirm those previously obtained by Martin and Davey. 
Accelerators of which the activity is increased by the presence of zinc oxide produce 
their maximum effect only when sufficient zinc oxide is available. One part of 
zine oxide per 100 of rubber is generally insufficient to produce this effect even in 
the presence of fatty acids. When 5 parts of zinc oxide are present, its distribution 
is of importance, because when it is well dispersed and free from flocculates the 
space between the particles is sufficiently small for complete reaction with the ac- 
celerator, but when it is badly dispersed larger quantities of zinc oxide are required 
for full activation of the accelerator. Fatty acids ensure even distribution and, 
therefore, have a marked effect on the activation of accelerators in the presence of 
5 parts of zine oxide, but the effect is not so marked in the presence of 1 part or 
20 or more parts of zinc oxide. 

Of the accelerators discussed in this paper, mercaptobenzothiazole and zinc 
ethylxanthate showed the smallest evidence of solubility in rubber, but unlike 
mercaptobenzothiazole, zinc ethylxanthate was easily dispersed. It is suggested 
that the behavior of mercaptobenzothiazole in the presence of large quantities of 
zine oxide is due to its relatively slow solubility and tendency to form flocculates 
which limits its sphere of action and consequently its interaction with insoluble 
zine oxide. 

The amount of fatty acid naturally occurring in rubber is of most importance in 
mixings containing about 5 parts of zinc oxide. Over one hundred samples of 
first-grade rubber from different estates of Ceylon were, therefore, examined in a 
diphenylguanidine mixing containing 5 parts of zinc oxide, but in every case satis- 
factory vulcanizates were obtained. It does not seem likely, therefore, that first- 
grade plantation rubber will cause serious variation, due to the amount of acid in 
the rubber. Second-grade material, however, is likely to be more variable, but 
so far no experiments have been made to confirm this. 
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The Kinetics of the Vulcanization 
of Rubber* 


Birger W. Nordlander 


GENERAL Evectric Co., ScHENEcTADY, N. Y. 


Introduction 


While engaged in the development of a sensitive test for mercury vapor, 
the writer made the observation that if sulfur were melted and then allowed to 
cool, a surface was formed that at first was very reactive to mercury vapor, as 
evidenced by the rapid formation of black mercuric sulfide. However, a day or so 
after preparation, the surface had lost its reactivity entirely, since even exposure 
to mercury vapor of high concentration at an elevated temperature failed to produce 
any blackening at all. It appeared as though an active but unstable form of sulfur 
had been produced when the sulfur was melted, which in short time had changed 
over into a non-reactive form. This curious behavior of sulfur seemed interesting 
enough to warrant a separate investigation, and a study was, therefore, made of 
the activity of various forms of sulfur toward mercury vapor, the details of which 
will be published in a separate paper. However, before stating the results that 
were obtained, a brief review of our present knowledge of the various allotropic 
modifications of sulfur will be included. 
~. The most common form of sulfur is the rhombic, or Sz, modification which is 
stable up to 95°C. At this temperature it changes over into the monoclinic, or S,, 
form, which is stable in the region between 95° C. and the melting point, 114.5° C. 
When melted, the sulfur forms a pale yellow fluid liquid which, when heated 
further, goes over into a brownish, very viscous state with a maximum of viscosity 
at 160°-170° C. Above this temperature the melt becomes more and more fluid and 
boils at 444.5° C. From the classical work by Smith and co-workers? it is known 
that there are two forms of sulfur in the melt, called 8, and §,, the former of which 
is soluble in CS8:, and on freezing out yields the two crystalline forms of sulfur. 
The latter is insoluble in CS:, is amorphous, and will, on rapid freezing out, retain 
the amorphous state which, however, at room temperature gradually is converted 
into S,, especially in the presence of crystalline sulfur. The amount of S, present 
in the liquid at the melting point is very small, but increases rapidly with the 
temperature, especially around 160°-170° C., causing the highly viscous state of 
sulfur at these temperatures. 

More recently Aten* has shown in a number of papers that there is still another 
modification present in the liquid state in equilibrium with the §, and §, forms. 
This form, which Aten had denoted by the symbol §,, is present to an extent of 
about 3% at 120°, which amount increases only slowly to about 7% at 160° and 


* A preliminary account of this paper was presented before the Division of Rubber Chemistry 
at the 76th Meeting of the American Chemical Society, Swampscott, Massachusetts, September 10 
to 14, 1928. 


1 Nordlander, Ind. Eng. Chem., 19, 518 (1927). 

2 J. Am. Chem. Soc., 27, 801, 983 (1905); Z. physik. Chem., 42, 469 (1903); 52, 602 (1905); 54, 
257 (1906); 57, 685 (1907); 61, 200 (1907); 77, 661 (1911). 

3 Z. physik. Chem., 81, 257 (1912); 88, 442 (1913); 86, 1 (1913); 88, 321 (1914). 


165 


then very slowly drops off to 4% at the boiling point. The existence of this third 
dynamic isomer has been confirmed by Beckmann and co-workers.‘ 
Aten’s new equilibrium values' are found in Table I. 


TABLE I 


ATEN’s SULFUR EQUILIBRIUM DATA 
Temp., °C. 160 
% Sr 3 89 


Temp., °C. 445 

9.1 

0 

9 


% Snr 3. ‘ ‘ 59. 
% Su 36. 

These S, figures are considerably lower than the values found by Smith. 

The -study made by the writer of the reactivity of these various allotropic 
modifications of sulfur toward mercury vapor revealed that only the amorphous 
form, or S,, is able to react. The crystalline varieties when freed from the traces of 
S, that usually accompany them due to conversion of 8, under the influence of 

light 
light, S, == S,, were found to be absolutely non-reactive at temperatures up to 
the proximity of the melting point of sulfur. The loss of the reactivity of the sulfur 
referred to in the beginning of this paper was, therefore, caused by the conversion of 
the reactive amorphous sulfur into inert crystalline sulfur. 

The discovery of this active state of sulfur suggested its possible application 
to the study of the mechanism of other sulfur reactions, such as the vulcanization 
of rubber, which is an important, although little understood process. Hence, the 
present study was undertaken, to ascertain to what extent, if any, this active sulfur 
affects this process. 


Previous Theories regarding Active Sulfur 


The possibility that one of the many modifications of sulfur may be more active 
than the others has been suggested several times previously. Ever since Weber® 
formulated his well-known chemical theory of vulcanization, according to which 
the sulfur is assumed to enter into a chemical union with the rubber molecule, this 
question has interested the rubber chemist as a means of reaching a better under- 
standing of the vulcanization process. The introduction of accelerators in the 
rubber industry has made the question still more acute. It is now generally 
accepted that their action in speeding up the vulcanization is due to the sulfur 
entering into a series of reactions with the accelerator, resulting in the formation of 
an unstable derivative, from which sulfur is liberated in an active form. As to the 
morphological or molecular character of this active form, however, nothing seems 
to be known. 

Erdmann’ apparently was the first to suggest than an active form of sulfur 
may be formed in melted sulfur. He considered this active form to be 8; or 
8:8:S, thio-ozone, an unstable analogue of ozone, which, according to his description, 
possesses a honey-yellow to brownish color and is formed when sulfur is heated to a 
high temperature. He stated, furthermore, that it exists in relatively large amount 
in the melt around 160° C. whereas at lower temperatures it is unstable and hence 


4Z. anorg. Chem., 108, 189 (1918). 

5 Z. physik. Chem., 86, 10 (1913). 

6 J. Soc. Chem. Ind., 18, 11, 476 (1894); 14, 426 (1895). 
1 Ann.g 362, 133 (1908). 
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not possible to isolate. Its existence was shown by the action on organic com- 
pounds at 160° forming thio-ozonides with the sulfur linked as §:S:S. According 
to this view, vulcanization would involve the formation of a thio-ozonide of rubber. 
Peachey and Skipsey,* however, showed that the interaction of SO, and H.S in the 
rubber, by exposure alternately to SO. and H,S, produces a form of sulfur which 
rapidly vulcanizes the rubber at ordinary temperature, yielding a product with all 
the ordinary properties of hot vulcanized rubber. Erdmann’s theory of 8; sulfur 
cannot offer an explanation of this phenomenon. The authors consider the liber- 
ated sulfur to be active only at the moment of its liberation and assume that the 
effect is produced by “atomic” or “nascent’’ sulfur. Bedford and Sebrell* have 
prepared an active form of sulfur which vulcanized a rubber cement at low tempera- 
ture without the presence of accelerators. This sulfur, obtained by passing SO, and 
HS into benzene or C8: cooled to 10° C. or lower, is bright yellow in color and will, 
on standing, gradually change to plastic sulfur with the same properties as when 
formed by pouring molten sulfur into water. They maintain that the reactivity of — 
the sulfur liberated by the Peachey process is not due to a nascent condition, but to 
the kind of sulfur isolated by them. In keeping with the idea of Erdmann, they 
consider this kind of sulfur to be trithio-ozone, and advance the theory that “the 
molecular form of sulfur liberated in various reactions is the factor which deter- 
mines its reactivity rather than the nascent condition of freshly formed sulfur.” 

The idea that the sulfur on heating is transformed into a modification which 
induces colloidal combination with rubber has been suggested by van Iterson.'° 
He proposed two hypotheses, either that colloidal sulfur would unite to one complex 
with the rubber, assuming §, to possess this combining ability, or that an active 
modification of sulfur exists that combines chemically with a part of the rubber to 
form a compound which then unites colloidally with the remainder of the rubber to 
form an insoluble complex. He also suggested that accelerators act strongly upon 
the reaction 8, == §, to give a greater proportion of §,. 

The foregoing references indicate that no clear idea exists regarding the active 
form of sulfur in the vulcanization process, and the theories advanced are supported 
by little experimental data. It is contrary to thermodynamical reasoning to 
assume that there are two different forms of active sulfur capable of performing the 
vulcanization, one with ease at room temperature and another first when the 
temperature is raised to 140°-160°C. Furthermore, if in the latter case an acceler- 
ator is added, it is possible to carry out the vulcanization at a much lower tempera- 
ture and with much greater speed, and again this is generally attributed to the 
formation of an active form of sulfur. Instead of postulating various forms of 
active sulfur, it would evidently be much simpler to assume that the same active 
form of sulfur is involved but that the amount produced varies according to the 
process taking place. In this study an attempt is made to identify S, as the modi- 
fication of sulfur that governs the vulcanization. 


Hot Vulcanization 


Although there might be a possibility that sulfur may exist in an 8S; form at 
very high temperatures," it is not necessary to assume such a form, as Erdmann did, 


8 J. Soc. Chem. Ind., 40, 5T (1921). 

® J. Ind. Eng. Chem., 14, 29 (1922). 

10 Comm. Netherlands Gov. Inst. for Advising Rubber Trade and Ind., Pt. 7, 239-61 (1918); C. A. 
18, 386 (1919). 

11 The experimental data indicate rather the existence of Ss, Se, Sz, and Si, the last two existing 
only as gases at very high temperatures. See Lewis and Randall, ‘‘Thermodynamics,” pp. 530-540 
(1923). 
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in order to explain the activity of melted sulfur at moderate temperatures. The 
active 8, form offers a much simpler explanation. 

It can be seen from Table I, that the temperature must be raised to about 
140°-170° C. before any appreciable amount of amorphous sulfur is formed. The 
increase is especially rapid between 160°-170° C., and this is significant in view of the 
fact that, as Erdmann pointed out, many inorganic, and especially organic, sulfur 
reactions will take place readily at this temperature. Since it was found in the 
writer’s study of the reactivity of sulfur that the S, form in its under-cooled state 
is very reactive, there are all reasons to believe that the S, in the liquid state must 
have at least the same reactivity as in the under-cooled condition. It appears, 
therefore, that Erdmann’s “‘thio-ozone”’ sulfur is identical with 8, sulfur. 

The possibility also exists that the 8, and S, isomers become active in the 
liquid state as the temperature is increased. For the purpose of making it possible 
to attack the problem in the simplest possible way it will, tentatively, be assumed 
that those isomers are inactive even in the liquid state and that a conversion into 
the S, state is necessary before a reaction takes place. The question whether the 
active sulfur taking part in the reaction is normal §, or an activated form of this 
isomer is discussed later; but at this point it will be assumed that the rate of vul- 
canization? is directly proportional to the total amount of active S, present, which 
in turn is proportional to the equilibrium concentration of the S, isomer at each 
temperature. As will be shown later these assumptions appear to be justified at 
temperatures up to at least 170°-180° C., if not higher. 

If those assumptions are made, it necessarily follows that there should exist 
some relationship between the rate of vulcanization at various temperatures and 
the equilibrium values of S, that correspond to these temperatures. The nature 
of this relationship cannot be anticipated, since it depends on the kind of reaction 
that takes place. If the vulcanization process is a chemical homogeneous reaction, 
the vulcanization rate should obviously decrease with time, and in case the process 
is heterogeneous the velocity would also depend considerably upon the rate at 
which the reactants are brought into contact at the interface. In either case a 
comparison of the rates of vulcanization at various temperatures would be some- 
what complicated. The matter, however, becomes considerably simplified due to 
the fact that the process, although heterogeneous, is of apparent zero order type, the 
rate during the greater part of the reaction being constant. Hence, it is only 
necessary to compute the rates during this rectilineal part and compare them. 

It is now necessary to find experimental evidence to support the foregoing 
hypothesis. Our fundamental assumption, however, is at absolute variance with 
the conclusion arrived at by Twiss!* and co-workers, who made several studies of 
the relative activity of various allotropic forms of sulfur toward rubber and also 
studied the effect of temperature upon the vulcanization rate. They found that 
the temperature coefficient for 10° remained practically constant over the range 
128°-168° C. Since the composition of the sulfur mixture is continuously changing 
with the temperature, they conclude that the different allotropic modifications of 
sulfur present must possess substantially the same vulcanizing capacity. When 
starting initially with 8, or S, little difference in vulcanizing effect was noticed, 
which was considered due to the transformation of these isomers into an identical 
equilibrium mixture at the temperature concerned. 

In order to be able to better discuss this work, the writer has calculated the 

12 In this study the rate of vulcanization is measured only by the rate of combination of sulfur 


with the rubber as evidenced by the increase in the vulcanization coefficient. 
18 J, Soc. Chem. Ind., 86, 787 (1917); 89, 125T (1920); 40, 48T (1921). 
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vulcanization rates at different temperatures from the data given by Twiss and 
Brazier.‘ Unfortunately this paper does not give the actual figures found which 
are represented only by a series of curves (isotherms) showing the increase in the 
vulcanization coefficient with time. It has, therefore, been necessary to calculate 
the reaction rates from these curves, a typical set of which are reproduced in Fig. 1. 
It can be seen that the rate of vulcanization as expressed by the increase in the 
vulcanization coefficient is rectilineal. This represents a typical zero order reaction, 


Effect of OZ 1017 of Acceleralor af 146°C 


Rafe of Cure as indicated by 
Strength 


__ x Ting of Cure (ming) go 
Figure 1 


dx/dt = k, in which the reaction rate is constant in spite of the fact that the con- 
centration of the free sulfur is continuously decreasing. The significance of this 
rather unusual reaction order will be discussed later. Twiss and Brazier extended 
their work to include the action of various amounts of accelerators and found that 
the same relationship holds. These data, which will be valuable in the subsequent 
discussion of the problem, are included in the following table. 


4 J, Soc. Chem. Ind., 89, 125T (1920). 
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TABLE IT 
EFFECT OF TEMPERATURE AND ACCELERATORS ON THE RATE OF VULCANIZATION 


Mixture: 90 Parts Pale Crepe Rubber 
10 Parts Sulfur 
A Parts Aldehyde-Ammonia (A varying from 0 up to 1%) 


V = Vulcanization Coefficient (in % of Rubber) 
t = Time in Minutes 


Rate of Vulcanization = dV/dt 
118° 128° 138° 148° 158° 168° 
0.0117 0.024 0.0644 0.226 0.237 
0.0194 0.0330 0.0950 
0.0126 0.0258 0.0712 0.161 
0.0200 0.0473 0.1110 0.247 
0.0016 0.0100 0.0245 0.0760 0.1530 0.364 


These figures are plotted against the temperature in Fig. 2. It can be seen 
that they all have practically the same general slope, which means, as pointed out 
by Twiss, that the process in this temperature interval in the presence of various 
amounts of accelerators, as well as in the total absence of any, proceeds with the 
same temperature coefficient. In the same figure are plotted the S, contents at 
various temperatures as given in Table I and the scale at the right has been chosen 
in such a way as to make dV /dt = K-[S,], that is, to make it possible to compare the 
vulcanization rate directly with the S, concentration at corresponding tempera- 
tures, assuming that the former is directly proportional to the latter. 

It can be seen from the graph that the straight sulfur-rubber mix vulcanizes 
with a rate that is directly proportional to the equilibrium content of S, at each 
temperature. This appears to prove the validity of our assumptions that the 
vulcanization rate is dependent only on the equilibrium concentration of amorphous 
sulfur present. It, therefore, seems as if the S, as well as the S, form has no influ- 
ence at all on the rate of vulcanization up to 170° C., which is the maximum tem- 
perature employed in this particular work. In a similar way in Fig. 3 the vul- 
canization rates are plotted for a mix. of 89.6 parts of methyl rubber and 10.4 parts 
of sulfur, as found by Twiss and Thomas.“ This synthetic rubber vulcanizes 
much slower than natural rubber and it was, therefore, necessary to use much 
higher temperatures, the temperature range employed being that between 168° and 
188° C. It is interesting to note that the S, line and the reaction rate curve are 
closely parallel up to 180°, after which, however, there is a decided difference in the 
appearance of the two curves, the vulcanization curve continuing to rise very 
rapidly, whereas the S, curve is falling off. This may, of course, depend upon a 
faulty determination, but may also depend on the fact that the S, or S, sulfur at 
these temperatures has entered into the reaction. Still another possibility is also 
present and in considering this an opportunity is given to discuss the shape of the 
S, curve. Lately, Hammick, Cousins, and Langford," not being satisfied with the 
values obtained by Smith and co-workers, but seemingly unaware of Aten’s work, 
have re-determined the amount of S, which is formed at different temperatures 
when sulfur is heated. They made use of a very effective method of getting the 
melted sulfur into a fine suspension so as to allow a very fast freezing out of the 
equilibrium mixtures. They obtained values that differed very much from Smith’s 
figures, showing that the rate of chilling had been insufficient in his case to prevent 
reversion of S, to S,, especially at high temperatures. The authors, however, 


% J. Soc. Chem. Ind., 40, 48T (1921). 
© J, Chem. Soc., 1928, 797. 
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seemed to have paid no attention to the S, form and its reversion to S,, and proba- 
bly their values, therefore, include the 8, that is derived from S,, which according 
to Table No. I would amount to about 4 to 6.5% between 125° to 180° C. Ham- 
mick’s values are also plotted in Fig. 3 and it can be seen that his curve differs from 
Aten’s by about this amount. At higher temperature the difference is greater, 
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Hammick’s curve rising considerably above Aten’s. At this temperature the 
chillings obtained would take about five days before they would become so hard 
that they could be ground and the S, content determined by extraction. The 
authors believe that the horizontal trend of the curve is caused by ineffective 
chilling, and they do not regard the plot to be the true allotropic line. During this 
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long period of hardening, it is also very possible that a part of the initial S, is con- 
verted into S,. It is, therefore, not unlikely that the departure of the vulcaniza- 
tion curve from the S, curve at high temperatures is at least partly, if not com- 
pletely, due to the fact that the true S, curve at these temperatures has not yet 
been determined. It would be of great value in connection with the vulcanization 


RATE OF 
WULCANIZATION 


Figure 3 


A 


problem if a thorough study were made of the equilibrium conditions in liquid 
sulfur so as to get more accurate S, figures. 

The various processes that may be involved when a rubber-sulfur-accelerator 
mix is heated will now be considered. The crystalline varieties of sulfur that 
ordinarily are used in vulcanization are only slightly soluble in rubber at room 
temperature. As the temperature is raised, more and more of this sulfur is dis- 
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solved in the rubber. The solubility at various temperatures has been determined 
by Skellon,'7 Venable and Green,'® and Kelly and Ayers.!® On account of the 
great difficulties involved, very few determinations have been made at vulcaniza- 
tion temperatures. Skellon, who seems to be the only one to have determined the 
solubility at these temperatures, found a solubility of 10.0% S at 137° C. and 10.3% 
S at 143°C. Venable and Green found a solubility of 5.4% at 75° C. and about 9% 
at 95°, both products having a vulcanization coefficient of 5.0. By making a 
series of assumptions, the authors calculated the solubility to be 20.0% at 140° C., 
but they consider this value to be rather doubtful. Kelly and Ayers, who deter- 
mined the solubility up to 75° C., found somewhat lower values and state that the 
solubility at 75° C. and a vulcanization coefficient of 5.5 is about 3.2%. Conse- 
quently in a rubber-sulfur mix one has to figure with a maximum solubility of the 
sulfur, and all excess of sulfur over the saturation value must be present in form of a 
suspension in the rubber.”° As the reaction proceeds and the dissolved sulfur is 
used up, it can be expected that part of this suspended sulfur would go into 
solution. 

The dissolved sulfur is distributed over the surface of the rubber, in fact 
Spence and Scott?! have shown that it can be considered as adsorbed on the rubber 
surface. In this adsorbed layer of sulfur, as well as in the suspended sulfur, there 
must at each temperature exist an equilibrium between the three allotropic forms 
of sulfur. We will assume that this equilibrium is the same as that which exists in 
liquid sulfur. 

In ordinary sulfur, heated in air, the attainment of the equilibrium is a rather 
slow process and Smith and Carsons” found that sometimes several hours of heating 
were required before the true equilibrium was reached. They discovered that this 
was due to the formation of small traces of SO. which acted as a strong negative 
catalyst. If, however, NH; or H.S was used to destroy the SO, they found that the 
equilibrium was attained in a few minutes, but the presence of the latter was 
necessary in order to retain the equilibrium conditions when the melt was solidified. 
If freshly recrystallized sulfur was used which had had no time to form any SOz, or 
if NH; was present, it was not possible to find any §, in the solidified melt, no mat- 
ter how rapidly the chilling occurred. This means that the equilibrium conditions 
when the sulfur is heated or cooled are attained very quickly if oxygen is excluded 
or NH; or HS is present to destroy any SO. that may form. The conditions exist- 
ing in a heated rubber-sulfur mix, where the formation of traces of H2S is known to 
occur, are such as to prevent the presence of SO.. The equilibrium must, therefore, 
be attained comparatively fast. At any rate Twiss,”* as already pointed out, found 
that the same rate of vulcanization is obtained whether starting out with pure 8) 
or pure S, which substantiates this point. These facts justify the assumption 
made that the total effective concentration of S, is directly proportional to the 
true S, equilibrium value, and that any S, removed from the equilibrium mixture 
is replaced at the same rate as it disappears so that the equilibrium conditions are 
retained constant. The active S, molecules in the adsorbed sulfur layer are, there- 
fore, continuously entering into a process of combination with the rubber at a rate 
that is proportional to their equilibrium concentration at each temperature, and the 


1” Kolloid-Z., 14, 96 (1914). 

18 J. Ind. Eng. Chem., 14, 319 (1922). 

19 Ind. Eng. Chem., 16, 148 (1924). 

* H. A. Endres in Jerome Alexander, ‘‘Colloid Chemistry,” 1, 808 (1926). 
21 Kolloid-Z., 8, 304 (1911). 

22 Z. physik. Chem., 57, 685 (1907). 

23 J. Soc. Chem. Ind., 40, 1921, 48T (1921), 
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reaction, if allowed to advance long enough, will continue at this constant rate until 
most of the added sulfur is attached to the rubber. 

It is reasonable to believe that this reaction will proceed at the same rate inde- 
pendently of whether an accelerator is present or not. The increase in the rate of 
vulcanization which takes place when an accelerator is employed is doubtless due 
to the reactions induced by the accelerator itself. But since the rate of vulcaniza- 
tion, as can be seen from Fig. 1, in an accelerated reaction proceeds according to a 
straight line, like the ordinary sulfur-rubber reaction, it follows, since the total rate 
thus must be made up of two straight lines, that the accelerator reaction also must 
proceed in the same way, or in other words be a zero order reaction. This is a rather 
surprising conclusion, especially since this must signify that the reaction rate re- 
mains apparently constant in spite of the fact that the accelerator is used up. 

According to current theories an accelerator will enter into a chemical reaction 
with the sulfur to form an intermediate product from which active sulfur is split off. 
It is clear that if such action takes place, the accelerator will choose to react with 
the active S, isomer. If the loosely attached (double-bonded) sulfur in these 
intermediate compounds now is split off into an active elementary form, we would 
expect this of course to be S,. But this would give an excess of 8, above that 
demanded by the equilibrium, which would have to be converted into S,. How- 
ever, it would not be necessary to go so far as to assume that the sulfur actually is 
split off. From the excellent work by Sheppard*‘ on the photosensitizing of silver 
halide emulsions by minute traces of isothiocyanate and other compounds, it is 
known that in general double-bonded organic sulfur, selenium and tellurium give 
substances that are very reactive. The writer®® has discovered that a compound 
between sulfur and selenium, selenium sulfide, SeS:, containing double-bonded 
sulfur is extremely active, the reactivity to mercury vapor at temperatures around 

°-70° C. being about 200 times that of the most active sulfur surface that could 
be prepared by the method described in the beginning of this paper. If such 
intermediate active compounds were formed, it is more likely, therefore, that the 
reaction with rubber proceeds directly without necessitating the liberation of sulfur 
in an active state. A more complete discussion of this reaction mechanism will be 
deferred until later when a general discussion of the various aspects of the mecha- 
nism of the vulcanization process will be attempted. Since there evidently is a 
great likeness between the accelerator-sulfur-rubber reaction and the normal rub- 
ber-sulfur reaction, we will, however, in order to proceed for the time, assume that 
the sulfur is added on to the rubber by means of the accelerator at a constant rate 
that is proportional to the S, concentration and to the initial accelerator con- 
centration. 

The processes involved in the vulcanization of rubber that have been con- 
sidered so far can be summarized and expressed the following way: 


1. Solution of Sulfur 


total 
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* “Colloid Symposium Monograph,” 8, 94 (1925). 
*% Nordlander, loc. cit. 
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2. Formation of Amorphous Sulfur 
S aissolvea——>> Sx Sy (neglecting S,) 


Equilibrium attained comparatively quickly. The formation of S, from 8, 
not instantaneous but proceeding with a rate dV2/dt that is finite, although probably 
relatively fast under the conditions existing in the rubber. 


3. Combination of Sulfur with Rubber 
The rate of vulcanization when no accelerator is used as defined by the forma- 


tion of combined sulfur: 


Be = (1) 


where 


S, = combined sulfur 
[Sz] = concentration of active S, 
[R] = concentration of rubber R; all expressed in grams per 100 grams of mix 
RS, = vulcanized rubber. 


As will become evident from further considerations discussed later in this 
paper, the [R] value can be considered constant throughout the reaction. Express- 
ing the vulcanization rate as per cent combined sulfur of the weight of rubber, 
equation (1) becomes: 


(2) 
The assumption has been made that 
[Su] = R’sSu (3) 
where s, = % §, in liquid sulfur at equilibrium as expressed in Table I. 


But since the total concentration of active sulfur also must be proportional to 
the total amount of sulfur dissolved in the rubber at a given temperature, one may 
write, as long as the solubility limit has not been reached: 


[Su] = bs”. (4) 
when [S,] = concentration of total initial free sulfur in grams per 100 grams of mix. 
By combining equations (2) and (4): 


lS] (5) 


4. Accelerator Action 
A+S%+R=RS,+ A’ 


The rate of vulcanization due to accelerator action, expressed as above: 
-[A][S,]-100 


[A] concentration of accelerator A in grams per 100 grams of mix 
A’ end product of accelerator (probably attached to rubber) 


By combination with equation (4), equation (6) takes the form 
*Su*[A][S¢] 
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According to our previous conceptions, the total rate of vulcanization should 
be made up of two terms, one equal to the normal rate when no accelerator is 
present (reaction 3, equation 5) and another term corresponding to the additional 
effect caused by the accelerator (reaction 4, equation 7). 

The total rate of vulcanization can, therefore, be expressed as: 


dV _ dV: 
ata @) 
For testing the available data this equation will be rewritten in the more 
suitable form 


where k= bs ‘Su (10) 
Since in this particular case [S,] = 10 the equation becomes 


= + (11) 

The constant k& should vary aa the temperature, whereas k. should remain 
constant over the whole temperature range in which the reaction rate is propor- 
tional to 8, alone. The constant ka varies with each accelerator, and since it 
evidently characterizes the activity of the accelerator it should perhaps be ap- 
propriate to name it the “accelerator constant.” 

In order to test the validity of this theory, Twiss’ data as expressed in Table IT 
have been subjected to equation (11) by which the constant k has been calculated. 
The results are found in Table IIT. 


TABLE III 
EVALUATION OF THE CONSTANT & IN EguarIon (11) 


Amount 
Accelerator 
Added 


k 
118° 128° 138° 


0.0070 0.013 
0.0016 0.0057 0.019 
0.0016 0.0071 0.017 
0.0016 0.0064 0.013 


0.0016 0.0065 0.0155 


TABLE IV 
EVALUATION OF THE CONSTANT kg 
Su 
% ky = k/su 


0.016 
0.018 
0.023 
0.020 


Average 0.019 


In computing this table the figures calculated from Twiss’ curves have been 
used in all cases but two, when the points did not fit the curves connecting the 
other points and obviously were inaccurate. In these cases, the values read from 
the curves were used. One of these refers to '/s% accelerator at 138°, the other to 


= 
148° 
0 
0.025 
0.038 
0.036 
| 0.030 
Average 0.0322 
Temp. 
148° 
138° 0.0822 
0.0016 0.28 
118° 0.0016 0.28 
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1/,% at 118°. At the latter temperature the reaction rate at zero % accelerator 
was not determined and had to be computed from the values found at 1% and 
14%. 

Considering the crude way the figures in Table II had to be computed from 
Twiss’ original curves, the constancy of k at each temperature is fairly good, and 
the validity of equation (11) appears to be proved. ; 


Sp INLIQID SULFUR 
(ACCOROING TO ATEN) 


730 740 750 7 
Figure 4 


Table IV. gives the figures which are obtained if the values of & as found in 
Table III are divided by the corresponding s, values read from Aten’s S, curve. 
According to the theory the constant k. that results should be independent of the 


temperature. 
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The agreement is sufficient to support the theory. It must be remembered 
that the S, equilibrium values at vulcanization temperatures have not been deter- 
mined with any great accuracy. This is brought out by Fig. 4 giving Aten’s 
determinations up to 160°, which, as can be seen, are rather irregular. The curve 
represents the best attempt to a smooth curve that can be drawn through the 
points. 

The theory also demands that the constant k, in equation (5) for the straight 
sulfur-rubber reaction should be independent of the temperature. For verification, 
this constant has been computed from equation (5) using the figures tabulated in 
the first row of Table II, with the value at 158°, which judging from Fig. 2 is in- 
accurate, corrected to agree with the smooth curve which can be drawn through 
the other points. The results are compiled in Table V. 


TABLE V 
EVALUATION OF CONSTANT ks 


k 


0.0042 
0.0029 
0.0032 
9 0.0035 
9 0.0027 


The agreement is fairly good with the exception of the value at 128° which 
appears to be too large. As an average value of the five determinations we find 
k. = 0.0033. 

From the following considerations it becomes clear as to why the temperature 
coefficient is the same whether an accelerator in various amounts is used or not. 

Equation (9) can be written 


For a given amount of accelerator and for the same §, concentration this equation 
takes the form: 


when K = [Si]-[k + (14) 


The reaction rate at various temperatures should, therefore, vary as the S, 
content. A change in the concentration of accelerator will change the value of the 
constant K, and if the reaction rate is plotted against the temperature, a slightly 
differently shaped curve will result which, for small changes in the accelerator con- 
centration, will run almost parallel with the preceding one. But the reaction rate 
would still be proportional to s, and the temperature coefficient calculated be- 
tween any same two temperatures on these curves must necessarily be the same. 

These facts can, perhaps, be brought out better by plotting the rates of vul- 
canization at each temperature against the corresponding S, concentrations. 

The figures in Table II with corrections for the three values previously referred 
to, are plotted this way in Fig. 5. As can be seen it is possible with a fair degree of 
accuracy to draw a group of straight lines emerging from the origin through these 
points. A few values are slightly off but the trend toward satisfying equation (13) 
is obviously unmistakable. The uncertain S, equilibrium values must again be 


Temp. dVs 
di 
128 0.0117 0 
138 0.0240 0 
148 0.0644 2 
158 0.138 3 
168 0.237 8 
dV 
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emphasized and also other difficulties and errors involved in carrying out the 
experiments. It is necessary, for instance, that the rubber used in the whole series 
of experiments contains exactly the same amount of resinous matter, the acceler- 
ating effect of which is well known and a small variation in its content may affect 
the vulcanization rate considerably. 

The slopes of these lines will give the constant K of equation (13). It follows 
from equation (14) that K also can be calculated from the values of k, and ka found 
above. By comparing the values computed this way with the values obtained 
from the slopes of the lines in Fig. 5, a check may be obtained on the relative ac- 
curacy of K, ks, and ka. The values found from the plot and the calculated values, 
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obtained by using the average values 0.0033 for k. and 0.019 for ke, and observing 
that [S,] = 10, are given in Table VI. 


TABLE VI 
EVALUATION OF THE ConsTANT K = [S,][ks+-RalA]] 
Accelerator 

[A] % Kgraph Kale. 

0 0.032 0.033 
1/8 0.051 0.057 
1/4 0.082 0.081 
1/2 0.13 0.13 

1 0.19 0.22 


Thus it has been shown that by introducing the concept of active S, molecules 
it is possible to give a quantitative account for the rate of vulcanization as influ- 
enced by heat and varying amounts of an accelerator. So far Twiss’ work is the 
only work that has been used to prove the correctness of the equations arrived at. 
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It would be desirable to test the validity of the theory on other data obtained with a 
different accelerator. Unfortunately, there appears to be no similar investigation 
published in which the effect of temperature as well as varying amounts of the same 
accelerator on the rate of vulcanization has been studied. The only work the 
writer has been able to find containing figures that could be tested is the investiga- 
tion by Spence and Young.”* These authors studied the rate of vulcanization of a 
mix of pre-extracted Para rubber at 135° and 155°. The results are plotted in 
Fig. 6. The reactions are again of zero order and the reaction rates remain con- 
stant almost up to the point at which saturation occurs. The vulcanization rates 
have been computed from these curves. Using these data the constant k, has been 
calculated by means of equation (5). The results are tabulated in Table VII. 

It can be seen that k., as the theory demands, is practically constant, giving an 
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average value k, = 0.0015. It should be pointed out that the correctness of 
equation (5) in regard to the effect of the initial total concentration of sulfur has 
been proved by the data from experiment C above. 


TABLE VII ° 
SPENCE AND YOUNG: VULCANIZATION DATA 
Experiment 
A B c 

1385 155 135 

S,] 9.91 10.06 37.41 
Sz at equilibrium. 0.56 3.34 0.56 
dV/dt 0.0080 0.0559 0.0317 
k, 0.0014 0.0017 0.0015 


% Kolloid-Z., 11, 28 (1912). 
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If the values of dV/dt are recalculated to a 90-10 mix and these figures are 
plotted against s,, as in Fig. 5, it will be found that the points can be connected by 
a straight line through the origin, the slope of which is K = 0.016. From this 
value and equation (14) it follows that k. = 0.0016 which is almost the same figure 
as found above by calculation. Previously for the sort of rubber used by Twiss it 


| 


42 


3 


|| 


Figure 7 


7 


8 


was found that k, = 0.0033, according to Table V. This not only brings out the 
well-known fact that acetone-extracted rubber vulcanizes at a much slower rate 
than ordinary rubber but also makes it possible to get an estimate of the acceler- 
ating effect of the removed resins. Consider for the moment that Spence and 
Scott’s extracted rubber represents pure rubber: k. = 0.0016 will hence be the 
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coefficient for the rate of vulcanization of pure rubber. From Twiss and Thomas’ 
work on the vulcanization of synthetic methyl rubber a value k, = 0.0017 can be 
calculated from the results at 168° and 178° which agrees well with the value 
above. This figure is, therefore, perhaps not so far off from the true value of what 
could be named the “natural vulcanization coefficient” of pure rubber. If, further- 
more, Twiss’ rubber were to be considered representing Spence and Scott’s rubber 
before extraction with acetone, it is evident that the coefficient k, in Table V in 
reality is a composite term, k. = kn + r°k,, where kn is equal to the “natural vul- 
canization coefficient” for pure rubber, r = concentration of removed resins, and k, 
the accelerator constant of these resins. Using the figures above we find 


rk, = ke — kn = 0.0033 — 0.0016 = 0.0017 


The value of r can be determined by extraction which will make it possible to 
evaluate k,. If r, for example, had been found to be equal to 3% in our case, a 
figure approximately representing an average value found in plantation rubber, 
k,, would be equal to 0.0006. Aldehyde ammonia was found to have an accelerator 
constant of 0.019, according to Table IV. This accelerator should thus be about 
30 times as potent as the rubber resins, compared on a gram basis. 
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Figure 8 


It would perhaps be more appropriate, however, on comparing the potencies 
of accelerators this way to express the concentration not on a gram basis but rather 
on a molar basis. It is obvious that as long as the reaction is of zero order it is 
immaterial whether the concentration is expressed in grams or in mols as far as the 
application of the mass law is concerned. If the accelerators are to be compared 
on a molar basis the concentration of these should, however, be expressed in mols 
which would give a different numerical value to the constants. 

It is of interest to include in our study the effect of varying sulfur concentra- 
tions on the rate of vulcanization. With the exception of the single case referred 
to in Table VII, our whole investigation has been confined to 90-10 mix of rubber 
and sulfur. 

Skellon?’ has made a special study of the mass action of sulfur in vulcanization. 
He vulcanized various mixings of Para rubber and sulfur at 140° C. for various 
lengths of time and determined the combined sulfur in the vulcanization product 
by extraction with acetone in a Soxhlet apparatus for 20-60 hours and oxidizing the 

% Rubber Industry, 1914, 172-7. 


(The writer has been unable to secure the original article and the figures used in this study are 
taken from an abstract in J. Soc. Chem. Ind., $4, 671 (1915). 
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dried rubber residue with fuming HNO;. The results obtained are given in Table 
VIII. The total sulfur, S,, is expressed in grams per 100 grams of mix and the 
combined sulfur, S., as grams of sulfur per 100 grams of rubber. 

These figures are plotted against time of vulcanization in Fig. 7. As in the 
work of Twiss, straight lines are obtained for all mixtures but only during the ‘first 
two hours. The3% mix continues along a straight line for another hour as do also 
the 5.0 and 10 % mixes, but the two latter show a slight falling off if the time of 
vulcanization is prolonged further. The mixes above 10% behave entirely dif- 


TABLE VIII 
EFFECT OF VARYING SULFUR CONCENTRATIONS ACCORDING TO SKELLON 
Time of % Total Sulfur, [St] 
Vulcanization, 3.0 5.0 10.0 20.0 30.0 
a % Combined Sulfur Se 
5 0.74 0.79 
5 


1.31 1.36 
2.05 2.10 
5.09 5.14 
14.16 16.66 
9 é 21.65 34.43 


ferently, a steady increase in slope taking place as the vulcanization proceeds. 
It is of interest that with these high sulfur mixes, during the first two hours the 20 % 
mix has a vulcanization rate only slightly larger than the 10.0 mix and the 30, 40, 
and 50 % mixes have all practically the same rate as the 20 mix. 

In order to study this peculiar behavior the rates of vulcanization for this first 
part of the process have been calculated and tabulated in Table IX (using same 
units as previously). 
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TABLE IX 


SKELLON: VULCANIZATION DATA 
[S,] 3.0 5.0 10.0 20.0 30.0 40.0 50.0 


dV/dt 0.00808 0.01165 0.0208 0.0229 0.0229 0.0229 0.0239 
ke 0.0027 0.0023 0.0021 0.0011 0.0007 0.0006 0.0005 


The values of k, have been calculated by means of equation (5), using a value 
of 1.0 for s, at 140° C. (see Fig. 4). It can be seen that k, remains fairly constant 
up to 10 % S, but for the following 8, concentrations it rapidly decreases in value. 
The reason for this is obvious when it is recalled that equation (5) is valid only up 
to the maximum solubility limit for 8, in rubber. From Fig. 8, in which dV /dt 
has been plotted against [S,], it can be seen that equation (5) holds up to a certain 
value of [S,] after which the rate remains practically unchanged. The break 
occurs at [S,] = 10.5 % which hence must represent the maximum solubility at 
140° C. of sulfur in rubber of the kind that was used in Skellon’s investigation. 
This value which when recalculated on amount of rubber present amounts to 11.7% 
is somewhat higher than that determined by Skellon?* who found a solubility of 
10.2% at this temperature, but is reasonably close when the difficulties involved in 
the solubility determination are considered. 

It should be noted in this connection that Spence and Young on increasing the 
sulfur concentration from 10 to 37% observed a corresponding increase in the 
vulcanization rate. The maximum solubility limit must, therefore, in this case have 
been above 37% which signifies that the solubility of sulfur in rubber increases by 
pre-extraction with acetone. 


% Kolloid-Z., 14, 96 (1914). 
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It has been shown by many workers in this field that the solubility increases 
with the vulcanization coefficient. This, therefore, explains why in case of Skel- 
lon’s high sulfur mixes the vulcanization rates increase as the vulcanization pro- 


The Thermochemistry of the Vulcanization Process 
Heterogeneous reaction rates usually obey Arrhenius’ equation: 


dink E E 
= log k =C-— 

It will, therefore, be of interest to subject to this equation the data that have 
been collected in Tables II and III by plotting the logarithm of the velocity con- 
stant k against the reciprocal of the absolute temperature. If the equation is 
satisfied, a straight line should be obtained, the slope of which is equal to —E/4.57, 
E being the heat of activation. 

If the straight rubber sulfur reaction, when no accelerator is present, is first 
considered, it will be found that all points fall on a straight line with the exception 
of the value at 158° C. which is off, and, therefore, as already has been pointed out, 
probably not right, which also can be seen from Fig. 2. This is represented by line I 
in Fig. 9. From the slope of this line we find Z; = 27,000 calories. If likewise the 
values of the constant k for the “accelerator sulfur” reaction (Table ITI) are plotted, 
another straight line (II in Fig. 9) is obtained which gives a value Ey, = 25,000 
calories for this reaction. The close agreement between these values suggests, as 
could be expected, that the same activation process is involved in both cases, namely, 
the activation of the sulfur. 

It is of great interest in this connection that Norrish and Rideal,?* who studied 
the reactions between liquid sulfur and hydrogen and liquid sulfur and oxygen at 
235°-300° C., found that the surface reactions in both cases had a critical increment 
of 25,750 calories, a value practically the same as that found above in the vul- 
canization process. In the oxygen reaction a second surface reaction was also 
found to occur with a critical increment of 37,450 calories. The authors consider 
these two reactions due to the two forms of sulfur present in equilibrium in the 
liquid sulfur: §,—=S,. One of these, they assume, is normally present in acti- 
vated form and is considered to be polarized and produced by the mutual collision 
of unpolarized sulfur molecules or atoms. The higher heat of activation of this 
latter “parent form” of sulfur is interpreted as being due to its non-polar structure, 
the activation of these molecules being caused by collision of the oxygen molecules. 
In the case of the lighter hydrogen molecules the momentum exchange is too small 
to activate this sulfur and there is, therefore, only one surface reaction corresponding 
to the normally activated form. 

The critical increment 25,750 calories of the surface reaction according to these 
investigators’ earlier papers is equal to that required for the dissociation of one 
valence bond, and they show that the activation can result either from collision or 
radiation. In their latest papers they point out that in a number of physical and 
allotropic changes as well as in chemical reactions involving sulfur the critical 
increment in all cases is a simple multiple of a constant which is approximately half 
of the above value, or 12,700 calories. This they consider to be the energy re- 
quired to raise each bonding electron in the sulfur molecule to some higher quantum 
level, equivalent to the complete dissociation of the valence bond. In other words, 
the multiple of this quantity should be the number of bonding electrons involved. 


* J. Chem. Soc., 128, 696, 1689, 3202 (1923); 126, 2070 (1924). 
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The results and the interpretations that these authors present, fit well with the 
ideas advanced in this paper, and seem to bring out that in all cases we are dealing 
with the same activation process, namely, that of the formation of an active form of 
sulfur, the critical heat of activation involved being equal to about 26,000 calories. 
So far this has been considered to be the normal 8, isomer. On the basis of the 


406K \ 


\ 
\ 


Figure 9 


aad 


thermal data just calculated, it now appears necessary to slightly modify this 
hypothesis for the following reasons. 

According to Boltzmann’s distribution law, the fraction, f, of the molecules 
which will be in the activated state at the temperature 7’ is given by 


f = e~E/RT (16) 
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where EH = the energy necessary to convert one mol of normal molecules into the 
active state. With the calculated value of E, this fraction is of the order of 10-4. 
Hence, the number of activated molecules at any moment is exceedingly small. 
We are thus led to believe that the molecules taking part in the reaction are not 
normal S, molecules but activated S, molecules. This is also substantiated by an 
observation of the writer who found that the reaction between S, and mercury 
vapor takes place exceedingly slowly in the dark, whereas reaction leading to the 
formation of black Hg§S readily occurs at room temperature as soon as daylight is 
admitted. This indicates that an activation of some kind is necessary before re- 
action can take place. 

The fact that the S, molecules must be activated before capable of reacting in 
no way alters our previous equations or conclusions. If the equilibrium conditions 
can be expressed as: S,=—S,==8’,, where 8S’, = activated S, molecules, it is 
evident that the total amount of activated S, molecules present at equilibrium must 
be proportional to the total S, concentration at equilibrium and the reaction rate 
will hence also be proportional to this latter concentration. 

The above diagram can, of course, only represent a simplified picture of the 
actual equilibrium conditions since we also have to consider the 8, isomer. No 
attempt will be made to include this in the present discussion. In spite of Aten’s 
researches on this isomer, its exact position in the equilibrium diagram in the 
writer’s opinion is still obscure, and knowledge is lacking as to its morphological and 
molecular character. More work is required before the question of the sulfur 
equilibrium can be considered settled. 


The Mechanism of the Vulcanization Process 


It has been shown above that the activated S, sulfur governs the rate of vul- 
canization but the question of the actual mechanism of the vulcanization process 
has been avoided so far. At this point, however, an attempt will be made to find an 
explanation for some of the facts that have been uncovered, especially that the 
vulcanization rate is proportional to the initial total sulfur concentration and 
remains constant over the greater part of the time in spite of the continuous de- 
crease in the sulfur concentration, and furthermore, that accelerators function in a 
similar way, inducing a rate of combination of sulfur that is directly proportional 
to the initial concentration of accelerator in the mix. 

It is obvious that adsorption must play a dominant part in the vulcanization 
process since it is difficult otherwise to interpret the zero order of the reaction. 
If Spence and Scott’s view that the dissolved sulfur is adsorbed on the rubber is 
accepted this sulfur can be pictured as covering a certain part of the reacting surface 
of the rubber, depending on the amount added to the rubber. The surface covered 
may be made up of many elementary parts scattered over the whole surface, accord- 
ing to the dispersion of the sulfur in the rubber. As the sulfur concentration is 
increased, more and more of the surface is covered until when maximum solubility 
is reached the surface is completely covered. This “free” sulfur, which is chiefly 
S,, due to its non-polar character*® is only loosely held to the rubber. This is due to 
the regular configuration of this sulfur, a molecule being made up of eight atoms, 
firmly held together in a symmetrical arrangement with a balanced field of force. 
Increasing temperature will loosen up the rigid structure somewhat, but since S) 
apparently does not take any part in the vulcanization process, ‘the molecule 
seemingly remains essentially non-polar in character. In this layer of S,, S, and S,’ 
are formed to the extent required by the equilibrium at the temperature concerned. 


3° Compare Hildebrand, “Solubility,” 144 (1924), 
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The S, molecule must be different from the 8, molecule, since the regular 
structure of the latter is no longer present and probably the molecule is somewhat 
polar. The activated S, molecule, however, is very likely highly polarized with the 
bonds that were ruptured during the activation process possibly still open. The 
molecular forces are, therefore, very unequally distributed and probably con- 
centrated around one or several of the atoms at the ruptured bonds. Considering 
the rubber molecules, there should be special regions on the surface corresponding 
to the location of the double bonds where polar centers also occur. A powerful 
attraction must, therefore, exist between these centers and the polarized 8, mole- 
cules. Consequently these molecules when coming within range of the attraction 
of the surface forces will move into the interface and become adsorbed at the active 
centers. They are now no longer in the equilibrium mixture covering the surface, 
and more normal §, is, therefore, converted into the activated state as demanded by 
the equilibrium. In such a way the concentration of 8,’ at the interface remains 
constant as long as there is sufficient free sulfur to keep the corresponding interface 
completely covered. The rate of formation of combined sulfur during the period 
will hence be constant but proportional to the proportion of surface covered, that is, 
to the initial free sulfur concentration. When the process has proceeded so far that 
the interface is no longer saturated the rate will slow down and the upper part of the 
vulcanization curve will, therefore, become curved as the zero order reaction passes 
into one of true order type. 

The force by which the activated 8, molecule is held to the rubber is probably 
very great. Since the molecule has two polarized groups (atoms) for every rup- 
tured valence bond it is clear that this sulfur complex is not necessarily confined to 
one double bond, but may be held by the attraction of several double bonds forming 
bridges between corresponding rubber molecules. This adsorbed sulfur may sub- 
sequently enter into a real chemical combination, that is, share the electrons of the 
double bond and actually become attached to the carbon atom by primary valences. 
Undoubtedly such action takes place, but a great part of the sulfur may remain in 
the adsorbed state. Such adsorption compounds, in fact, differ little from real 
chemical compounds except that they do not correspond to any exact chemical 
formula. Only when the total surface is saturated and all the double bonds satisfied 
might it be possible to talk about a constant composition of the resulting adsorption 
compound. 

The fraction of activated S, molecules present at any instant in the adsorbed 
layer of sulfur covering the surface of the rubber, which is of the order of 10-14, 
is enormously small compared with the number of available double bonds in the 
rubber at which combination occurs. Even if a substantial number of these bonds 
have become occupied the chance that the activated sulfur molecule when formed 
is in the neighborhood of a double bond is very large. From the point of view of 
reaction mechanism there is hence no apparent decrease in the concentration of 
rubber during the reaction and this, therefore, proceeds substantially as if [R] 
equation (1) remained constant. 

It is clear that the S, sulfur, being insoluble in acetone will be rated as com- 
bined sulfur, and with the present method of analysis it is not possible to dis- 
criminate between adsorbed sulfur and chemically combined sulfur. Buizov*! 
uses bromine water after the acetone extraction to distinguish between what he 
considers to be free amorphous super-cooled sulfur and chemically combined sulfur. 
The former is oxidizable with bromine water, whereas the latter is unaffected. 
As an example, he cites a sample of vulcanite containing 55.35% insoluble sulfur 


J. Russ. Phys.-Chem. Soc., 68, 79-109 (1921); C. A., 18, 1587 (1924). 
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which analyzed this way gave 46.36% oxidizable sulfur and 8.99% chemically 
combined sulfur. It is evident that some such method is needed to distinguish 
between adsorbed and chemically combined sulfur. 

In our previous consideration of the accelerator reaction, it was temporarily 
assumed that the accelerator is first reacting with the activated sulfur to form an 
intermediate compound with a very active sulfur atom which reacts directly with 
the rubber without first being split off in an active elementary form. This idea, 
however, is in no way sufficient to explain the zero order of the accelerator reaction 
and it is necessary, therefore, to devise some new theory that can account for this 
behavior. Perhaps the most plausible explanation will be to assume that the 
accelerator is adsorbed, possibly monomolecularly, at the active centers of the rub- 
ber molecule, that is, at the double bonds, and that these adsorbed molecules react 
with the activated sulfur molecules in some way similar to the ordinary double 
bond as outlined above. This hypothesis is supported by the observations of 
Spence and Scott*? who found that the rubber resins, which act as accelerator, are 
held by adsorption to the rubber. 

In this connection the writer wishes to draw attention to the fact that almost 
every good rubber accelerator is also a good flotation agent in ore separation; 
and there is probably much in common between the performance of an accelerator 
and the action of the same substance as a flotation agent. The theory of flotation 
is rather fully developed, due to the work of Langmuir,** Harkins,*4 Gates and 
Jacobsen,*> Fahrenwald*¢ and especially Gaudin and co-workers,*” and the mecha- 
nism has in many cases been cleared up. It is now established that the flotation 
process depends mainly upon adsorption phenomena and the success of the process 
depends upon the judicious use of several added polar substances, each of which has 
a special function to fulfill. In many instances, it has been found that the adsorbed 
materials are present in layers which are more or less monomolecular in thickness 
and the bonding to the mineral surface is often so firm and stable that the difference 
from a chemical combination is indistinguishable.** 

By analogy it can be postulated that the accelerator is strongly adsorbed on 
the rubber molecule at the double bond. The most polar group of the accelerator, 
which a study of the structure of the commonly used accelerators reveals to be 
either a triple-bonded nitrogen atom, a double-bonded sulfur atom, or a NH or 
NE group, will orient itself toward the double bond. A chemical union, that is, 
a sharing of primary valence electrons, may occur which will make at least two new 
open bonds per ruptured double bond available for the attachment of sulfur. 
Even if a chemical union does not take place, there might be such a shift in the 
distribution of the field of force surrounding the adsorbed molecule that other 
groups in the large molecule may become polarized and in a position to add on sulfur. 

Numerous cases are known wherein the reactivity of adsorbed molecules is 
much greater than the normal. The attraction range of the field of force surround- 
ing these adsorbed molecules is, therefore, probably larger than that existing around 
an ordinary double bond in the rubber molecule, and the sulfur will hence at such a 
place become attached at a much faster rate than at the double bond. The sulfur 
can be added on in two ways, either an activated sulfur molecule may tie together 


82 Kolloid-Z., 9, 83 (1911). 
33 J, Am. Chem. Soc., 89, 1848 (1917); G. E. Review, 1921, 1025. 
J, Am. Chem. Soc., 89, 541 (1917). 

% Utah Engineering Expt. Station Bull., 16 (1925). 

% Trans. Am. Inst. Met. Eng., 70, 647 (1924). 
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two or if more than one bond has been ruptured perhaps several adsorbed acceler- 
ator molecules without being directly attached to the rubber molecules, or a re- 
arrangement may take place so that the sulfur becomes attached to the double 
bonds of the rubber molecules. The true mechanism of this reaction is probably of 
little importance since these adsorption compounds likely behave like chemical 
compounds. 

Depending upon how many polar groups that the accelerator molecule pos- 
sesses, and perhaps also on the size of the molecule, this may be held by one or 
several double bonds of the rubber molecule and the bonding of two different 
adjacent chains together is perhaps equally as possible as bridging the double 
bonds in the same rubber molecule chain. The result will be a network of inter- 
laced bridges of sulfur and accelerator molecules tieing the rubber molecules to- 
gether. This it seems would account for the rigid structure of vulcanized rubber. 
As an analogy, the strength of dough in bread-making is considered to depend upon 
the knitting together of the protein particles scattered through the dough to form a 
network holding the starch granules, and the elasticity and the strength of the 
dough depends upon this structure.*? 

Obviously from this picture, considering the size of the molecules involved, it is 
also possible to explain why superior tensile properties are obtained at a low vul- 
canization coefficient when an active accelerator is employed, whereas when sulfur 
alone is used a much higher vulcanization coefficient is required to produce the 
same result. 

If the accelerator, as in the case of flotation phenomena, is assumed to be 
adsorbed in a monomolecular layer it is clear that a small amount of accelerator has 
comparatively great effect since a large area must be covered. In case of aldehyde 
ammonia, used in the work of Twiss that has been discussed previously, the indi- 
cations are that the area covered is directly proportional to the amount of acceler- 
ator added. This may mean that all of the accelerator is adsorbed on or united 
with the rubber, possibly irreversibly. It should be pointed out, however, that 
there might be cases where the Freundlich adsorption isotherm: 

= B-C® 
holds when the reaction rate no longer would follow a straight line. 

Before closing this discussion, the writer wishes to submit the suggestion that 
the effect of addition of inorganic accelerators, like PbO, ZnO, CaO, MgO, that in 
many cases also have to be used in conjunction with organic accelerators, is similar 
to that of the activating or antitoxic agents that are employed in flotation practice. 
In other words their action depends either upon their pre-adsorption by the rubber 
so as to make it more susceptible to the adsorption of the accelerator or the sulfur, 
or the destroying of adsorption toxins present, which are either naturally occurring 
in the rubber resins or formed by the decomposition of the accelerator. The latter 
alternative is perhaps the more likely, the toxins being removed by the formation of 
insoluble salts.‘ 

Since developing the mechanism given above, which was chiefly done in 1927- 
1928, the writer’s attention has been called to a recent paper by Dannenberg.*! 
From observations made in an ultra-microscopic study of the vulcanization process, 
he concludes that this is accompanied by the conversion 8, =—=S§,, and that ac- 
celerators are compounds that speed up this conversion. Sulfur is assumed to 


% Kent-Jones, J. Soc. Chem. Ind., 47, 143T (1928). 

# Compare: Bedford and Grey, India Rubber J., 64, 604 (1922); Whitby, J. Soc. Chem. Ind., 42, 
370R (1923). 
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form a homogeneous solution with the rubber in which §, is insoluble. The 
equilibrium S, == S&S, can, therefore, not exist, but the S, has to separate out until 
all 8, has been converted to colloidal S,. This S, is dispersed in the rubber, the 
vulcanized rubber being considered a colloidal system in which the rubber is the 
dispersion medium and §, is the dispersoid. The results of Twiss, however, dis- 
pose of this solution theory at once. Twiss‘? as we remember, found that the same 
rate of vulcanization is obtained whether starting out with pure S, or pure §,, 
whereas if Dannenberg’s theory is right, the rate of formation of combined sulfur 
should be nil in the latter case. It is also interesting to note that Scholz** by study- 
ing the freezing point depressions of sulfur on addition of accelerators arrived at the 
idea that accelerators speed up the vulcanization either by forming a greater pro- 
portion of a chemically active isomer which he believes to be 8,, or by the formation 


- of S, which he proposes either forms a colloidal complex with the rubber, as sug- 


gested by van Iterson, or induces the formation of a highly polymerized isoprene. 
Cold Vulcanization 


In regard to cold vulcanization, there can scarcely be any doubt that the sulfur 
liberated in the Peachy process, as well as that prepared by the method of Bedford 
and Sebrell, can be anything but CS.-insoluble amorphous §, sulfur, since this form 
is produced when H.S and SO, interact. The S, formed in the Peachy process is 
probably in an activated condition, whereas the S, prepared by Bedford and Se- 
brell would seem to need an activation before it can react. This may have been 
accomplished by light (compare the writer’s observation on 8, and mercury vapor). 
The vulcanization of a solution of rubber and sulfur, which occurs on exposure to 
ultra-violet light,‘4 is readily understood from the viewpoint of the theory ad- 
vanced, since Wigand“* has shown that S, is formed when ordinary S, is exposed to 
such light. 

Even in the case of the vulcanization by 8,Cl, it is likely that amorphous sulfur 
is formed and that this, at least partly, is the vulcanizing agent. When 8.Ch, 
which must be a strongly polar compound, is brought in contact with rubber an 
adsorption undoubtedly first takes place at the double bonds as in the case of the 
polar accelerators. Due to the strong affinity existing there for the chlorine a 
chemical union immediately occurs, in which §, is liberated which, in turn, may 


become adsorbed. 


Dannenberg also observed under the ultra-microscope that colloidal sulfur is 
separated out in this reaction. 

It appears, therefore, as if even in cold vulcanization the vulcanizing agent 
is the activated amorphous §S, sulfur. The mechanism of combination with the 
rubber is probably along the lines suggested above, that is, a composite process 
involving adsorption and chemical combination. , 

In conclusion, an attempt has thus been made in this paper to develop a theory 
by which it has been possible for the first time to give a quantitative account for the 
effect of a number of factors involved in the vulcanization of rubber. The writer, 
not being a rubber chemist, has been unable to treat the subject from all possible 
angles but the theory is submitted in its present state with the hope that it may be 
of interest and value to the rubber chemist and stimulate further research in this field. 

The writer is much indebted to E. H. Winslow for helpful criticism of the 
manuscript. 


42 J. Soc. Chem. Ind., 40, 48T (1921). 

43 Kautschuk, 1927, 101-3, 127-8. 

44 Helbronner and Bernstein, Rubber Indusiry, 46, 156 (1914). 
% Z. physik. Chem., 79, 446 (1911). 


[Reprinted from Journal of the Society of Chemical Industry, Japan, Vol. 33, Supplemental Binding, 
No. 7, pages 275-6B, July, 1930.) 


Studies of the Conditions Affect- 
ing the Vulcanization of Rubber 


V. The Effect of Accelerators on the wane of 
Vulcanization 


Y. Toyabe 


ELectric CABLE Works, JAPAN 


The heat of vulcanization of rubber compounds containing various quantities 
of sulfur and several organic vulcanization accelerators were traced by means of a 
differential thermocouple during the vulcanization. The profiles of the heating 
curves were similar to those obtained in the case of unaccelerated compounds, 
but the temperature maxima appeared sooner with accelerated than with unac- 
celerated compounds. The vulcanizates corresponding to the temperature- 
maxima were analyzed chemically by ordinary methods and the ratios of the free 
to total sulfur were calculated. They vary a little from 50 per cent, and show that 
the extent of sulfur combination is not much different from that with unaccelerated 
compounds, 

The accelerators tested were hexamethylenetetramine, aldehyde-ammonia, 
diphenylguanidine, di-o-tolylguanidine, p-nitrosodimethylaniline, thiocarbanilide, 
“Vulkacit P,” ‘“Vulkacit PX,” ‘“Vulkacit M,” and tetramethylthiuramdisulfide. 

The results of the experiments show that these accelerators promote the dis- 
aggregation of the micellar structure of rubber (as shown in reports II and III of 
this work) before chemical combination of rubber and sulfur occurs. By thus 
making the single micelle of rubber smaller, they increase the number of chemical 
units of rubber coming into reaction with sulfur; i. e., the probability of combina- 
tion of rubber and sulfur becomes greater. 

‘The times for the temperature maxima to appear in the experiments above, which 
are shortened by accelerators, show that this theory holds good, when it is con- 
sidered that the temperature maxima correspond to the disaggregation maxima 
of the rubber hydrocarbon under consideration. 


(Translated from Berichte der Deutschen Chemische Gesellschaft, Vol. 63, No. 10, pages 2888-2899, 
Nov. 12, 1930.] 


Isoprene and Rubber 


Part 22.' Isorubber Nitrone? 
H. Staudinger and H. Joseph 


UNIVERSITY OF FREIBURG I. BR. 


Rubber Micelles or Macromolecules 


The idea of Pummerer that the parent molecule of rubber is [C;Hs]x is based 
upon molecular weight determinations carried out by him and his colleagues upon 
rubber in menthol’ and above all upon isorubber nitrone. This latter product, 
which has been prepared by Alessandri‘ and again by Bruni and Geiger’ by the 
action of nitrosobenzene on rubber has, according to Pummerer and Giindel, the 
constitution [C;Hs,CsH;.NO]s. On this subject the authors say that: 

We made cryoscopic molecular weight determinations of isorubber nitrone in 
benzene and nitrobenzene. Even in these generally used solvents the nitrone gives 
depressions which indicate a molecular weight lying between 1200 and 1400. For a 
parent rubber molecule of 8 isoprenes which reacts with 8 molecules of nitrosobenzene 
with a splitting off of 16 atoms of water, a weight of 1384 is calculated, agreeing very 
well with the above. As is the case with determinations of rubber in menthol, here 
the final measurements can be undertaken only when the constant is obtained (in this 
case after 1-2 hours) and not immediately after the solid substance disappears, for 
otherwise the value will be about 1000 or 2000 higher, which probably results from a 
still incomplete solution of the micelles. The study of isorubber nitrone, therefore, 
oe our opinion on the size of the parent rubber molecule which was expressed 
earlier. 

These opinions apparently do not conform to the view expressed by one of us 
some time ago, according to which rubber has a very high molecular weight, and the 
primary colloid particles, therefore, the particles in dilute solution, form macro- 
molecules. These have a molecular weight of about 68,000, so that approximately 
1000 isoprene residues are united in a chain’. This concept was based on a study 
of models, especially on experiments on polysterol® and further by conversion of 
rubber into colloid-soluble rubber-phosphonium salts,® by the preparation of 
homologous polymeric series of polyprenes,!° by the decomposition of rubber, and 
finally by relations between viscosity and molecular weight"! in this series. 

In explaining the ultimate constitution of rubber, an important question is in 
what way the observations of Pummerer and Giindel, which are correct in their 
order of magnitude, can be made to agree with the facts established by the experi- 
ments described above, namely, that rubber has a very high molecular weight. 

These experiments are apparently an excellent confirmation of a micellar structure 
of the rubber particles. In that case the rubber micelle would consist of small 
molecules and would have, as many investigators suggest, a structure similar to that 
of soap micelles.'2 Just as the latter are decomposed through transformation of 
the fatty acid salts to esters, for example, so are the rubber micelles. According 
to Pummerer and Giindel, the rubber micelles are decomposed by the action of 
nitrosobenzene, in which case a strong dimunition in viscosity should be evident. 
However, it has already been observed that the colloid particles of homopolar 
rubber do not have the same structural principle as the micelles of heteropolar 
soaps, 
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Cleavages of the Macromolecules of Rubber in Its Reactions 


Closer study of the action of nitrosobenzene on rubber solutions led to results 
which varied somewhat from the observations of Pummerer and Giindel, and to 
another explanation of the formation of the low molecular rubber nitrone from 
rubber. 

With solutions of macromolecular (eucolloid) polysterol!* it was proved that 
by the action of chlorine or bromine, or further by strong oxidizing agents like ozone 
and nitrogen oxides, the viscosity of the solution decreases greatly. This change 
depends upon an irreversible cleavage of the long, very sensitive macromolecules 
into shorter fragments which are semi-colloidal in character. 

The often very great decreases in viscosity shown by the highly viscous rubber 
solutions after the addition of reagents are likewise irreversible.'4 They too 
depend upon a decomposition of macromolecules; for the original viscosity does not 
return if the reagents are removed. Therefore, the decrease in viscosity cannot 
depend’* upon the adsorption of reagents by the colloid particles nor on changes in 
their micellar structure, because destroyed micelles would have to be formed all 
over again.?® 

The macromolecules of rubber are much more sensitive on account of their con- 
taining double bonds than the saturated macromolecules of polysterol, and are 
easily split up. This very essential point in the understanding of the entire chem- 
istry of rubber is frequently overlooked.'” The cleavage of the long fiber molecules 
into smaller fragments can take place at the double bond, especially between the 
2 CH:-groups, because the single bond in the system: 


—CH:CH.CH:2.CH:CH :CH— 


is loosened by the adjacent double bonds. As a result of the instability of the 
rubber molecule due to this condition, reagents which cause a decrease of the vis- 
cosity have a much greater effect on rubber solutions than on polysterol solutions. 

Under the influence of oxidizing agents, such as ozone, nitrogen oxides, nitro- 
sobenzene, dibenzoylperoxide'* and also of atmospheric oxygen,'!® there occurs an 
oxidizing decomposition of the macromolecules. The same thing was observed 
with the action of halogens, hydrohalogen acids and other acids,” such as chloroace- 
tic acid?! and sulfur chloride.” 

Almost all the transpositions”* of the rubber molecule proceed in such a way that 
the unstable marcomolecules are first split into shorter fragments, having a semi- 
colloidal character. Only then are these fragments further transposed under the 
destruction of the double bond by the reagent. Almost all derivatives of rubber, 
for example, the halogen and hydrohalogen addition products, besides the nitro- 
site of Harries and finally the addition product of sulfur chloride, are so formed 
and are, therefore, derivatives of semi-colloidal rubber decomposition products 
and not of rubber itself. In this way are formed either soluble derivatives which 
still contain fiber molecules, as, for example, the hydrohalogen addition products 
and nitrosite, or insoluble derivatives, such as sulfur chloride addition products, 
where the sulfur chloride has been added on with chain formation of the individual 
fiber molecules to three-dimensional macromolecules.*4 

Spence,”> Axelrod,* and Bernstein®’ assume that the hot vulcanization of rubber 
brings about depolymerization. In a certain way this assumption is correct. 
Under the influence of sulfur when the reaction takes place hot,”* the long primary 
rubber molecules are split off and only the fragments take part with the sulfur in 
forming the three-dimensional macromolecule.” At that time, however, the con- 
cept of depolymerization was not clearly understood, because the constitution of 
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rubber was unknown. In many cases depolymerization was regarded as*a disag- 
gregation of colloid particles. The concept of depolymerization is, however, strictly 
chemical.*® The phenomenon consists of a transformation of the larger molecules 
into homologous polymeric smaller fragments and finally into the monomer. 

Since vulcanized rubber is a derivative of semi-colloidal decomposition products 
viscosity measurements of unvulcanized products can prove nothing about the 
properties of vulcanizates,*! since such investigations show only whether the macro- 
molecules of the original rubber are larger or smaller, for the nature of the vulcani- 
zate is the same, since.the molecules of different types of rubber are always so large 
that they are immediately decomposed to a large extent during vulcanization. 

In the case of the action on rubber of the reagents mentioned, it is not a question 
of pure depolymerization, such as results in decomposition by heat, but rather 
a reaction of rubber with the reagents. This takes place in such a way that the 
reagents, for example, bromine, split the chains at unstable places (apparently the 
CH:.CH:2-bond) and occupy the end valences of the semi-colloidal molecules present 
as shown in the following formula:*? 


[CsHs]x 
[CsHs]x. .C;Hs. Br Br.C;Hs. [CsHs]x 


According to recent knowledge of the nature of a rubber solution,** it can at 
last be understood why the addition of a small quantity of reagent influences the 
viscosity so greatly. 1-5% rubber solutions, which are the concentrations most often 
used, are gel solutions in which the total field of action of the molecule is greater 
than the volume of the solution present; consequently such solutions are highly 
viscous. On the other hand, decomposition produces semi-colloidal products with 
a small field of action which yield less viscous sol solutions at the same concentra- 
tions. Thus the field of action of the molecules in a 0.1 molar (0.68%) solution of 
undecomposed rubber of molecular weight of 68,000 amounts to 150 per cent of the 
total volume; and if in this solution rubber is decomposed by additions to a lower 
molecular polyprene of a molecular weight of 680, then the total field of action of 
the small molecules at this concentration is only 1.5 per cent of the total volume. 
Such a solution therefore behaves like a normal solution. In this way it is under- 
standable that even very small quantities of a cleavage reagent produce these very 
large decreases in viscosity in rubber solutions, for example, according to experi- 
ments by Wehrli** the relative viscosity of a 0.2 molar rubber solution in benzene 
after the addition of 0.01 mol of bromine decreases from m, = 100 to 7, = 5. With 
a 0.4-molar solution of eucolloidal polysterols*‘ », was reduced from 30 to 3.4 after 
4 hours’ action of 0.01 mol of bromine. If 1 mol of bromine reacts with every 100 
base molecules of the macromolecular polysterol or of rubber of a degree of polym- 
erization of 1000, then in case the reagent produces only cleavage, there are formed 
semi-colloidal decomposition products of an average degree of polymerization of 
100, where bromine is joined on the end of the chain. Such products give solu- 
tions of very low viscosity, in distinction to the macromolecular products. 

Nsp;e*® of semi-colloidal decomposition product of rubber = 1.0—1.3 
Nspre Of rubber purified according to the method of Pummerer = approximately 20 

One per cent of a cleavage reagent, based on the dissolved rubber, can bring 

about a very considerable decrease in the viscosity of the solution. 


The Decomposition of Rubber by Nitrosobenzene 


Pummerer and Giindel describe the fact that in the action of nitrosobenzene on a 
rubber solution, there is a great decrease in the viscosity, and they attribute this 
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to a change in the micellar structure of colloid particles. However, since the 
change is irreversible, it is assumed from previous experiments that the changes in 
viscosity of rubber solutions depend upon a decomposition of the macromolecules. 
In order to learn the extent of this decomposition, increasing quantities of nitroso- 
benzene were added to a 0.2-mol solution of rubber, purified according to the method 
of Pummerer, v7z., 0.01 mol to 3 mols, or, in other words, a quantity which is used by 
Pummerer in preparing the isorubber nitrone. After standing 24 hours at 20°, 
that is, long enough for the formation of isorubber nitrone, the time of flow was 
determined in the Ostwald viscosimeter. In addition, a rubber solution was also 
treated with nitrogen dioxide and dibenzoylperoxide under similar conditions in 
order to ascertain the type of decomposition by other oxidizing agents. The 
measurements, which correspond to the observations of Pummerer, show a great 
decrease in the viscosity. In these experiments purified rubber, already consider- 
ably decomposed, was used; therefore, the decrease in the viscosity is not so great 
as in the action of bromine on raw rubber mentioned above. Since small quan- 
tities of nitrosobenzene (0.01-0.02 mol) decrease the viscosity of the rubber solu- 
tion but little, in contrast to the action of bromine, the reaction with nitrosoben- 
zene cannot take place because of the fact that oxidative decomposition to semi- 
colloidal products sets in, and because only then do the cleavage fragments react 
with the nitrosobenzene. Instead both reactions occur here, cleavage by oxygen 
and nitrone formation.** 

The decomposition by nitrogen dioxide is even greater than with nitrosobenzene; 
and under the conditions indicated the reaction with dibenzoylperoxide is very small. 


Quantities Time in Sec. of 
Reagents Added in Mol. in Flow after Stand- 
to the Ce. of ing 24 Hrs. 

Rubber Solution Benzene (Benzene—36.8 Sec.) nr 

Nitrosobenzene 0.01 118.1 3.2 
0.02 86.7 2.4 
0.05 68.8 1.9 
ye | 63.7 1.7 
1.0 57.1 1.5 
3.0 52.3 1.4 

Nitrogen dioxide 0.01 75.8 2.1 
0.02 74.1 2.0 
0.05 69. 1.9 
0.1-1 The reaction product precipitated out 

Dibenzoylperoxide 0.01 132.1 3.6 
0.05 126.8 3.4 
0.5 108.3 2.9 

Nitrobenzene 0.1 135.5 3.7 
1 135.3 3.7 

0.2 molar rubber solution 1 cc. benzene 134.4 3.6 


The Constitution of Isorubber Nitrone 


If this concept is correct, if, therefore, the isorubber nitrone is not a derivative 
of rubber itself but is derived from oxidation decomposition products, then it 
must be somewhat richer in oxygen than a pure isorubber nitrone. This is in fact 
the case.*”_ Of the analyses already carried out by Pummerer and Giindel, two have 
the theoretical carbon value.** In five others the values are 1—-1!/2 per cent too low. 
The authors attribute these errors to easy autodxidation. According to our in- 
vestigations, the solid nitrone is not very easily autodxidizable. 

We found in about twenty analyses of carbon values that 11/.-2 per cent were 
below the theoretical value, although in the preparation of the nitrone air was 
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completely excluded and it was filtered and washed in pure nitrogen. If the mo- 
lecular weight given by Pummerer and Giindel is assumed to be correct, then the 
analyses point to an 8-fold polymeric nitrone, which has added through oxidation 
two atoms of oxygen, or 1 molecule of hydrogen peroxide. There is still nothing 
to say about the type of cleavage of the rubber macromolecule. It has not yet 
been determined in which position the oxidation occurs, and how the end groups 
are constituted; and it will not be easy to reach a decision in the case of the com- 
plicated structure of this relatively high molecular substance. 

As far as the molecular weight of the reaction products is concerned, in a series 
of determinations on a 1 per cent benzene solution we found values which are about 
double those obtained with the nitrobenzene solution.*® Later values are un- 
certain because they fluctuate greatly,4° however, on the average they are only 
slightly higher than those reported by Pummerer and Giindel. 

A greater decomposition of the rubber molecule‘! results from the action of 
nitrogen oxides on rubber than appears from the viscosity determinations referred 
to above. The nitrosite is richer in oxygen than the rubber nitrosite should be. ‘? 
According to the molecular weight determinations** by Harries a very low molecular 
product is present, and therefore a more extensive oxidation decomposition of the 
rubber molecule has taken place. This may possibly lead to a better explanation 
of the structure of the molecule, the position of the end valences, and therefore the 
manner of the cleavage of the rubber chain. 


The Isorubber Nitrone Is a Polymeric Homologous Mixture 


If the concept of Pummerer were correct that the isorubber nitrone is a deriva- 
tive of the parent molecule of rubber [C;Hs|s, then it would represent a single 
homogeneous product. On the other hand, if it were formed from a long rubber 
molecule by cleavage of the chain, then it would have to be a mixture of polymeric 
homologous cleavage products, whose average degree of polymerization would be 
[CuHnON |g, because in all previous studies of cleavage of macromolecular prod- 
ucts of semi-colloidal character a homogeneous compound does not exist. Instead 
there is a mixture of polymeric homologous products, as in the case of the acetolytic 
decomposition of polyoxymethylene*‘ and of cellulose,‘® as well as with the de- 
composition of rubber** and of polysterols by heat.*” 

This is also the case in the oxidation decomposition of rubber by nitrosobenzene; 
the nitrone is not homogeneous, and can be separated by treatment with cold ben- 
zene into easily and difficultly soluble parts. The composition of both products is 
approximately the same. In molecular weight determinations in nitrobenzene 
the more difficulty soluble portion gave higher values than the more easily soluble 
portion, but this result should not be considered of primary importance, since the 
molecular weight determinations in nitrobenzene vary greatly, as has been men- 
tioned. However, we determined the viscosity of the more easily and more diffi- 
cultly soluble portions in chloroform. The solutions of the more difficultly soluble 
portions have a slower rate of flow in the Ostwald viscosimeter than that of the more 
easily soluble portion and are, therefore, more viscous and contain longer molecules. 


SPECIFIC VISCOSITY OF BASE MOLAR SOLUTIONS OF ISORUBBER NITRONE IN CHLOROFORM 
AT 20° IN THE OSTWALD VISCOSIMETER 


Expt. V VII vu IX 
More easily soluble fraction 3.7 2.8 
More difficultly soluble fraction np 4.6 4.1 3.2 §.1 
Unfractionated mixture 7.) 4.0 


Finally, we were able to show by isothermic distillation in the apparatus devised 
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by Signer,*® that in solutions of equal concentration of more easily and more diffi- 
cultly soluble nitrones the latter contained fewer molecules than the more easily 
soluble. This proves that the more difficultly soluble nitrone has the higher mo- 
lecular weight. 

It is surprising that in this oxidation decomposition of the long rubber molecules, 
semi-colloidal products of equal magnitude are produced and not cleavage frag- 
ments of various sizes. However, longer molecules are much more unstable than 
short ones; therefore, the decomposition takes place chiefly in the former, and in- 
deed proceeds as long as the relatively stable short molecules are formed. Accord- 
ing to these experiments on the action of cold nitrosobenzene, a decomposition of 
rubber up to a length of chain of 30-60 carbon atoms takes place. The decomposi- 
tion of rubber is much greater under the influence of nitrogen gases. It is to be 
expected that products with smaller molecules result from the action of warm nitro- 
sobenzene than with cold; these experiments are however not yet completed. 


Concluding Remarks 


The foregoing experiments show that the formation of a relatively low molecular 
isorubber nitrone of semi-colloidal character is not at variance with facts established 
in other experiments, namely, that rubber has a very high molecular weight and 
that it can be explained in a satisfactory manner. In the recently published 
“Handbuch der Kautschuk-Wissenschaft,”” Pummerer® has altered his point of view 
on the constitution of rubber, a point of view which had apparently been well 
supported by the experiments mentioned above. He considers it possible that 
the molecular weight is larger, perhaps 3000-5000. However, he again emphasizes 
here that a distinction must be made between micelles and molecules. 

If rubber actually has such a molecular size as that assumed by Meyer and 


Mark,*! the action of nitrosobenzene on such a short rubber molecule would have - 


to result in a cleavage of the.chain. The considerations given above hold good for 
molecules of a molecular weight of 5000, as well as for those of 100,000; the for- 
mation of isonitrone cannot be regarded as a criterion of the exact molecular size 
of rubber. It is not possible to determine by this reaction whether approximately 
100 or 1000 isoprene residues are united in the rubber molecule. On this point, 
however, other investigations furnish information and favor the latter hypothesis.*? 


Description of the Experiments. Preparation of the Nitrone 


In preparing the nitrone, rubber purified according to the method of Pummerer 
which was easily soluble in benzene (sol-rubber of Pummerer) was used in one case, 
and in the next two experiments a rubber purified according to Pummerer but 
swollen in benzene without being completely dissolved was used. The rubbers 
were nitrogen- and oxygen-free.** 

The preparation of isorubber nitrone was carried out exactly as indicated by 
Pummerer. To avoid autoéxidation all the experiments were carried out in puri- 
fied nitrogen, as well as the washing and filtering (in a glass suction filter). The 
petroleum ether used in washing was carefully fractionated by means of a 
Widmer column in order to separate the higher boiling fractions which in vacuo 
can be removed only with difficulty. Boiling point 20°-40°. 

The separation of the nitrone into portions easily and difficultly soluble in ben- 
zene was also carried out in nitrogen. The portion difficultly soluble in cold ben- 
zene was dissolved in chloroform. The nitrones were then precipitated from the 
solutions by the addition of petroleum ether. The easily soluble and difficultly 
soluble nitrones have, for the most part, the same appearance. They are yellow- 
brown powders. In many cases the difficultly soluble nitrone is somewhat darker 
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colored than the easily soluble one. All the preparations were dried to constant 
weight in a high vacuum for 1-2 days. The dried product is not more sensitive to 
oxygen. After standing one, three, and four days, 0.2449 g. of nitrone was 
weighed in an air-filled calcium chloride desiccator, without a change in weight. 
No change in the composition occurred in a product which was analyzed after 
standing in air for a longer time. In spite of the fact that the nitrone, once formed, 
is not easily oxidized, all the operations, including the separation into fractions, 
were carried out in an atmosphere of nitrogen. 


ELEMENTARY ANALYSES (ACCORDING TO THE PRAGEL MICROMETHOD) 


[The following gives the results of analyses of twelve different preparations. In general 
only carbon and hydrogen were determined, since the nitrogen values differed very little 
and are consequently not very characteristic. ] 


Kind of Substance Results 
Cc H N 
From soluble rubber: 
i. Product not separated 74.41 6.70 7.93 
Product not separated 74.51 6.67 he 
II. Product not separated 74.34 6.70 
III. Product not separated 74.50 6.50 
Portion soluble in benzene 73.89 6.56 
Portion insoluble in benzene 73.53 6.55 
IV. Product not separated 74.54 6.63 
Portion soluble in benzene 74.81 6.71 
Portion insoluble in benzene 74.27 6.70 
V. Product not separated 74.83 6.86 
Product not separated 74.44 6.71 
After standing 3 days in air in the desiccator: 
Reprecipitated from hot benzene 74.40 6.56 
Portion soluble in benzene 75.07 6.56 
Portion insoluble in benzene 74.64 6.69 
VI. Portion soluble in benzene 73.69 6.37 
Portion insoluble in benzene 73 .62 6.57 
VII. Portion soluble in benzene 74.14 6.69 
Portion insoluble in benzene : 73.71 6.66 
VIII. From insoluble rubber: 
Portion soluble in benzene 73.79 6.37 
Portion insoluble in benzene 73.44 6.36 
IX. From insoluble rubber: 
Product not separated 75.27 7.04 , 
Reprecipitated 75.98 6.64 
Portion difficultly sol. in benzene 74,34 6.98 aa 
Portion easily soluble in benzene 74.91 6.61 oe 
Calculated C1HiONs, 76.26 6.40 8.09 
Calculated CgsHss010Ns 74.54 6.26 7.91 
Calculated 74.43 6.39 7.89 


Molecular Weight Determinations 


The molecular weight determinations were carried out in benzene and in nitro- 
benzene according to the cryoscopic method. Naturally only those portions easily 
soluble in benzene could be used in the determinations in benzene. Our compila- 
tion shows that the values varied greatly, and therefore that, in a series of pre- 
cipitations by freezing, part of the nitrone is deposited. After freezing and then 
thawing, the solution is slightly turbid. Since the nitrone is rather difficultly soluble 
in benzene the molecular weight determinations in this solvent were uncertain 
according to our experience, and it is questionable whether the molecular weights 
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obtained, which are twice as large as those in nitrobenzene, actually are a result of 
association to a dimolecular product or to errors in the determinations. 

We found lower values with nitrobenzene, but here too the molecular weights 
varied greatly. It is difficult, to be sure, to obtain a freezing point for pure nitro- 
benzene that is exactly the same in the different determinations.54 The nitroben- 
zene was therefore carefully dried over calcium chloride in a Schliff apparatus after 
distillation, in vacuo, frozen and then again distilled in vacuo. The determinations 
were carried out in a current of dried nitrogen. However, the values obtained 
were not consistent. In the following table are a few observations which show that 
we were able to confirm the magnitude of the molecular weight obtained by 
Pummerer. 


TABLE OF MOLECULAR WEIGHTS 


of Amount’ Reading Molecu- 
Experi- Amount xe) after ar 
ment Kind of Substance Used Solvent Solvent Expt. A Weight 
IV. Portion soluble in benzene 0.1538 Benzene 17.63 25 min. 0.012 3710 
. lhr. 0.018 2470 
55 min. 
17 hrs. 0.012 3710 
IV. Portion soluble in benzene 0.1598 Benzene 17.63 15min. 0.019 24380 
3 hrs. 0.015 3080 
V. Portion soluble in benzene 0.1550 Benzene 17.63 ihr. 0.011 4080 
Reprecipitated from benzene 0.1223 Benzene 17.63 1hr. 0.007 5050 
VI. Portion soluble in benzene 0.1264 Benzene 17.638 1hr. 0.014 2610 
VI. Portion soluble in benzene 0.1493 Benzene 17.63 1hr. 0.012 3600 
VII. Portion soluble in benzene 0.1458 Nitro- 


benzene 24.08 hr. 0.025 1670 
VII. Portion insoluble in benzene 0.1132 Nitro- 


benzene 24.08 0.010 3240 


Portion insoluble in benzene 0.0793 Nitro- 
benzene 24.08 lhr. 0.009 2520 

VI. Portion insoluble in benzene 0.1712 Nitro- 
benzene 24.08 1lhr. 0.0385 1400 

IX. Portion easily sol in benzene 0.1421 Nitro- " 

benzene 24.13 Ilhr. 0.025 1620 

IX. Portion difficultly sol. in benzene 0.1425 Nitro- 
benzene 24.138 0.026 1560 

IX. Portion difficultly sol. in ben- 0.1309 Nitro- 
zene benzene 24.138 1Lhr. 0.018 2080 


CoMPARISON OF EASILY AND DIFFICULTLY SOLUBLE ISORUBBER NITRONES ACCORDING 
TO THE METHOD OF ISOTHERMIC DISTILLATION IN THE APPARATUS OF SIGNER’S® 


Experiment with Nitrone VIII 
Easily soluble nitrone VIII.... 0:0060g. Difficultly soluble nitrone VIII 0.1031 g. 


Chloroform....... 9.8128 g. (6.59 cc.) 7.7245 g. (5.19 cc.) 
re 0.0899 g. in 5.20 ce. 0.0996 g. in 5.11 ce. 
After 25 days..... 5.81 ce. 4.31 cc. 
Accordingly at the end, per 100 cc. CHC1; 
0.0155 g. easily soluble nitrone 0.0231 g. difficultly soluble nitrone 
Calculated ratio of the molecular weight: 
_Easily soluble nitrone_ __ 100 

Difficultly soluble nitrone 

For comparison: Nesp easily soluble nitrone 2.1 100 


difficultly soluble nitrone 3.2 150 
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Experiment with Nitrone IX 


Easily soluble nitrone IX Difficultly soluble nitrone IX 
added.......... 0.0544 g. in 2.76 cc. SS ere 0.0544 g. in 2.76 cc. 
chloroform chloroform 
After 27 days..... 3.34 ce. 2.12 ce. 
Accordingly at the end per 100 cc. chloroform 
0.0168 g. easily soluble nitrone 0.0256 g. difficultly soluble nitrone 

Molecular weight of easily soluble nitrone _ 100 
Molecular weight of difficultly soluble nitrone ~—-158 

For comparison: Nsp Of easily soluble nitrone _— oe 


tep Of difficultly soluble nitrone 5.1 180 


The foregoing experiments were made possible for us by the coéperation and 
assistance of the management of the I. G. Farbenindustrie, Leverkusen, to whom 
we here express our best thanks. 
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Isoprene and Rubber 


Part 23.' Cryoscopic Measurements of Rubber Solutions 
H. Staudinger and H. F. Bondy 


UNIVERSITY OF FREIBURG. I. BR. 


Pummerer,? Andriessen, and Giindel published a work with this title which con- 
tains a number of remarks about the communication of Staudinger,* Asano, Bondy, 
and Signer. The following discussion deals with this subject. 


1. Molecular Weight Determinations of Rubber in Camphor according to Rast 


Determinations of the molecular weight of rubber in camphor cannot explain 
the constitution of rubber because, as has been explained before, when rubber is 
heated in melted camphor, at 170°-180°, a very pronounced decomposition of the 
rubber to semi-colloidal cleavage products takes place.‘ The rubber molecule 
is very unstable as a consequence of the peculiar position of the double bonds in the 
chain; cleavage takes place with extraordinary ease, and attention has already 
been called to the fact that the cleavage of hexaphenylethane into triphenylmethyl, 
of dicyclopentadiene into cyclopentadiene,® as well as the migration of the allyl 
group, é. g., in phenylallyl ethers, the mobility of the substituents in allyl residues® 
and finally the extremely easy depolymerization of rubber,’ all have one and the 
same cause: namely, that a substituent in the allyl group is very loosely com- 
bined. These facts, which are of such importance in the chemistry of rubber, should 
not be ignored as happens in most works on rubber. 

In order to study the decomposition, we carried out viscosity determinations. 
As the following experiments show, the viscosity of rubber is much less after melting 
in camphor than before. There occurred a very great decomposition at 170°, as 
was to be expected, and the relation t/t, which characterizes the decomposition is 
about 15. If pure rubber is decomposed in boiling tetralin the relation t/t = 6.2. 
The decomposition in camphor is, therefore, surprisingly great, possibly because of 
the greater concentration of the dissolved rubber. The camphor solution used 
was 10 per cent, that of tetralin on the contrary was only 1 per cent. 


Experiments 


A benzene solution of rubber purified according to Pummerer was evaporated in 
two weighed 10-cc. measuring flasks. The benzene was removed in vacuo. In this 
way a thick film of rubber was formed in the flasks. The flasks were then dried 
in high vacuum to constant weight and the quantity of rubber in each flask was 
then determined. 

Experiment I Experiment II 
0.2872 g. rubber 0.2362 g. rubber 

About 4 g. of camphor were introduced into each flask. The flasks were then 
heated in a paraffin bath until the camphor was melted and all the rubber was 
dissolved in the camphor. The entire procedure lasted 0.5 hour from the moment 
when the heating commenced until the camphor solidified. After cooling, the 
weights were again taken and the quantity of camphor determined: 
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Experiment I Experiment II 
3.2566 g. camphor 3.1860 g. camphor 

The flasks were then filled to the mark with benzene and the total contents 
dissolved. 

Exactly the same amounts of rubber and camphor were then weighed into other 
10-ce. flasks. These flasks were filled to the mark with benzene without heating 
and the contents dissolved. The following viscosity measurements were then 
made in all flasks. 


Experiment I Experiment II 
t#, not heated 2970 sec. 4, not heated 3580 sec. 
t, heated 210 sec. lt, heated 233 sec. 
t/t = 14.1 ti/te = 15.4 


In order to see whether the rubber is profoundly changed when dissolved in 
melted camphor, we isolated the rubber by extracting the camphor by acetone. 
The rubber thus obtained had the properties of a very much decomposed semi- 
colloidal rubber; it was, therefore, viscous and had almost lost its elasticity. It 
dissolved easily without swelling and gave solutions of low viscosity. 

The difference between both types of rubber is best shown by the 1.p/- values,® 
which are calculated from 7, values determined at the lowest possible concentra- 
tion. An idea of the extent of the decomposition is also obtained from these 
values according to the formula m = 7,,,..4m the magnitude of the molecular 
weight (km = 3.10~‘). 

The relative viscosity of a 0.2 molar solution of purified rubber in tetralin is 
before heating with camphor 14.89 and after heating 2.60. 


n Average 
sb/c Molecular Weight 
Undecomposed rubber, purified according to Pummerer 31 100,000 ; 
The same rubber after solution in melted camphor 8 2,700 


The isolation of decomposed rubber is accompanied by a loss of low molecular 
polyprenes, which are particularly easily soluble. Therefore, the average molecular 
weight of the decomposed rubber is even higher than corresponds to the actual 
decomposition. 

Pummerer and Nielsen’® state that the rubber is unchanged after solution in 
camphor. They come to this conclusion from molecular weight determinations 
in benzene, where they found no depression of the freezing point,!! as is the case 
with unchanged rubber. If the authors consider the rubber unchanged after solu- 
tion in camphor, then they overlook the fundamental changes in physical properties 
mentioned above. This can be understood because according to Pummerer’s con- 
cept rubber has a small base molecule, and the differences in the physical proper- 
ties of the various types of rubber depend, therefore, upon a micellar nature of the 
rubber. According to Pummerer and Nielsen the different types of rubber, such 
as sol-rubber, gel-rubber, total rubber, highly masticated and dead-milled rubber 
produce the same molecular weight in melted camphor. 

On the contrary, according to our concept, the differences in physical character 
depend upon the length of the molecule. The different types of rubber are homolo- 
gous polymers, and those types of rubber which give the less viscous solutions con- 
tain shorter molecules than those yielding the higher viscous solutions. 

The fact that the molecular weight determinations of different types of rubber 
yield approximately the same values in melted camphor depends on a very great 
decomposition, resulting in fragments of about equal size. Such has been our 
experience many times. Thus in the decomposition of various eucolloid polysterols 
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with bromine, products of about the same viscosity are obtained, and, therefore, of 
the same average molecular weight.!? 


2. Molecular Weight Determinations of Rubber in Benzene 


Pummerer and Andriessen!* observed the separation of mixed phases consisting 
of benzene and rubber in experiments dealing with the determination of the molecu- 
lar weight of rubber. From this they concluded that this result is of considerable 
importance not only in the realm of rubber but also for other research in the field 
of high polymeric substances, 7. e., albumin, cellulose, and inulin. 

This discovery may be explained in a simple way after it has been established 
that concentrated rubber solutions (7. ¢., 1%) are not sol-solutions but gel-solu- 
tions.'4 The limiting concentration for a rubber purified according to the method 
of Pummerer, or the transition from sol-solution to gel-solution, is about 0.5 per 
cent.!® Only in much more dilute solutions than those used by the authors do the 
molecules move freely. Molecular weight determinations can be made only in the 
region of dilute sol-solutions, and this has already been suggested, because only at 
this concentration may colloid solutions be compared with dilute solutions of low 
molecular compounds. 

It is comprehensible that, by freezing, a gel-solution separates as a mixed phase 
and not as a pure solvent, since the molecules in such a solution possess no free move- 
ment. Under these conditions jellies separate. 

On the other hand, molecular weight determinations by the freezing point method 
of semi-colloidal decomposition products of rubber are practicable’™ because 
here 1-2 per cent solutions of dilute sol-solutions are involved. The limiting con- 
centration of a decomposed rubber having a degree of polymerization of 100 is 
reached in a solution of about 5 per cent. 


3. Molecular Weight Determinations of Rubber in Menthol 


Pummerer and Giindel are of the opinion that the rubber used by us was not 
entirely free of nitrogen. We tested rubber samples for nitrogen by heating them 
with potassium and could not detect any nitrogen in this way. 

The following control experiment convinced us that a content of 0.01 per cent 
nitrogen can be detected with certainty. Completely pure rubber was dissolved in 
a sufficient quantity of a-naphthylamine so that after evaporation and drying the 
nitrogen content of the rubber in two tests amounted to 0.1 and 0.01 per cent. In 
the first test the nitrogen was easily detected according to the method of Lassaigne; 
however, in the second test it was recognized plainly by a faint green color of col- 
loidally dissolved Berlin blue if a little iron salt was used and if it was not too greatly 
diluted. Therefore in the rubber used by us, the nitrogen content was below 0.01 
per cent. 

It has not been proved whether impurities with a very low nitrogen content 
in the rubber influence in any essential way the results obtained. Pummerer and 
Giindel offer no evidence on this point. Our views upon the constitution of rubber 
are based upon analogous results with polysterol, where polymerically homogeneous 
and completely pure substances are concerned and where impurities containing 
nitrogen, perhaps in the form of proteins (which have an influence on the viscosity), 
do not play any part.'6 

We have almost nothing to add to our earlier experiments. It may be suggested 
that Freudenberg, Bruch, and Rau’ give a quite similar explanation for the dis- 
agreements in the molecular determinations of acetylcellulose in glacial acetic acid 
to those we found earlier!” in explaining the results of rubber determinations in 
menthol. 
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In their more recent work Pummerer and Giindel found a new value of from 820 
to about 1300 for the molecular weight of sol-rubber in menthol. We do not con- 
sider this value convincing. Signer'® finds substantially higher values by the iso- 
thermic distillation method, where errors resulting from unequal supercooling are 
not involved. These values are still essentially too low, for more recent experi- 
ments show that balata!® (and the same thing applies to a greater extent with 
rubber)”° is extensively decomposed by oxygen present in the solvent. 

Pummerer thinks that the values quoted above will probably be increased”! 
still more on account of the possible source of errors in the eryoscopic method (sol- 
vate-formation), and according to Meyer and Mark to about 5000.22 However, 
it has been proved in viscosimetric measurements of polysterol solutions,** of 
balata,?‘ and finally of rubber,”* that the idea of a special solvation for these homo- 
polar colloidal molecules is incorrect. On the contrary, strong solvate-formation 
takes place in solutions of heteropolar colloid molecules,”* as will be shown in a 
later article. 

That molecular weights of a size assumed by Pummerer for unchanged rubber 
are of no significance in the present case is further proved by the fact that the semi- 
colloidal polyprenes”’ (or decomposition products of rubber), which themselves 
have properties entirely unlike those of rubber, have these molecular sizes as do 
also other semi-colloidal hydrocarbons,” e. g., the semi-colloidal polysterols and 
polyindenes.?® With the latter the average molecular weight can be determined 
not only directly, but also through the relation between viscosity and molecular 
weight.*° Furthermore, the fact that these semi-colloidal hydrocarbons are molecu- 
larly dissolved, results in the reduction of the semi-colloidal polysterols and 
polyindenes to the corresponding hexahydro products,*! in which the average molecu- 
lar weight is not changed. , 

These experimental results on the constitution of semi-colloidal hydrocarbons** 
which were published so long ago have not been taken into account sufficiently in 
more recent work dealing with the constitution of high polymeric natural prod- 
ucts, therefore many data dealing with molecular sizes of these products are 
inconclusive, in spite of this being the most essential point in explaining their con- 
stitution. The molecular size of rubber as well as of cellulose has been given too 
low a value in most works; a molecular size such as belongs to the semi-colloids 
has been assumed. 

We should not fail in this place to express our sincere thanks to the management 
of the I. G. Farbenindustrie, Leverkusen, for the codperation and assistance which 
they have given to our work on the constitution of rubber. 
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The Constitution of Rubber 


R. Pummerer 


ERLANGEN 


Physical methods for the determination of the particle size in rubber solutions 
have given contradictory results during recent years. Even with osmotic methods, 
all of which are based on measurements of the lowering of vapor pressure, there are 
such great disagreements that they can be explained only on the assumption of still 
unknown disturbances. If, for example, the molecular weight of rubber is deter- 
mined either by cryoscopic methods, or by measuring the vapor tension, or by 
capillary methods with methanol as a solvent, the results are approximately 1000, 
5000, and 200,000, respectively. Staudinger uses viscosity determinations in cal- 
culating the molecular weight of high polymeric substances. In this case measure- 
ments of relatively low molecular polysterols with molecular sizes of about 2000- 
8000 give by extrapolation molecular sizes of the order of magnitude of 100,000 for 
those polysterols which show the highest viscosity. With rubber, the experimental 
basis for similar calculations is still more uncertain than with polysterol because 
the molecular weight constant of viscosity was determined only from two decom- 
position products, whose molecular size was indeed cryoscopically measurable, 
but which, however, are not chemically lower analogs of rubber. Although many 
observations of rubber solutions point much more to the presence of micelles than 
to giant molecules, it is still not clear which conception is correct. One must wait 
a few years until the relative importance and sources of error of the different physi- 
cal methods, the influence of solvation and the micelle formation, are better 
correlated. 

This makes it all the more important at the present time to develop chemical 
methods of investigation of rubber as much as possible, because surprising results 
are always appearing in such work. The analytical control of rubber under condi- 
tions which are not strictly uniform is somewhat uncertain, but nevertheless is un- 
questionably necessary. However, the viscosities and analytical data of the middle 
rubber fractions agree so well that these can probably be regarded as the chief part 
of the rubber in which the x-rays show over 90 per cent of crystallizable substances. 
To be sure, the crystallizability does not guarantee the equal length of polyprene 
chains as Staudinger has shown in the case of polyformaldehydes. If, however, the 
structure of the chains is the same, nevertheless conclusions on the constitution, 
and perhaps the mean molecular size, can be drawn from the results of analytical 
investigations. I consider it to be my task here to review what organic chemistry 
has contributed up to this time to explain rubber as a colloid and what may be fur- 
ther expected of it in the future. 

An analytical chemical study can also explain the molecular size, if in the large 
molecule—perhaps at the end of a long chain—a distinct group is present, which 
occurs only once in the molecule and gives special reactions. This may be termed 
the “large equivalent” which in the case of rubber is still to be determined, and 
which in this case is identical with the molar magnitude, if the end group occurs 
but once. With carotin, the yellow substance in carrots, the “large equivalent” 
could be derived from the molecular compound with a molecule of iodine, which 
corresponds to the formula: 


CyoHes. Ie. 
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The small equivalent in rubber is the periodically recurring isopentene group 
CHs 
<— CH ==CH—CH, —> 


which has been sufficiently well established. Its constant recurrence in the mole- 
cule was concluded by Harries as a result of the ozone cleavage which, according to 
him, yielded only levulinic aldehyde and levulinic acid. That there is always a 
double bond associated with a (C;Hs) group was also indicated by analyses of the 
hydrohalide and of the dibromide. The results of the analyses of these addition 
products are, however, according to my experience rather indefinite. Only the 
addition of iodine chloride to a chloroform solution has made it possible to deter- 
mine the exact number of double bonds. With this reagent in any medium, sol- 
rubber reacts smoothly without the evolution of hydrogen halide, and yields 100 
per cent of the theoretical iodine number which corresponds to a double bond on a 
(CsHs) group. Gel-rubber on the contrary evolves hydrogen halide even in a 
chloroform solution, and consequently has about 8 per cent greater consumption 
of iodine chloride. 

If the hydrogen halide used in the substitution is subtracted, then the gel- 
rubber also contains only one double bond on each (C;Hs) group. If gel-rubber 
differs from sol-rubber only in the greater length of the chain, with an otherwise 
similar orientation of the isopentene residue, then the different reaction with 
iodine chloride would be hard to understand. I believe therefore that gel-rubber 
is not to be regarded as a homologous polymer of sol-rubber, but as a multiple 
polymer of it, which either through an orientation process or through a true polym- 
erization process is formed from sol-rubber reversibly. In the first case, several 
molecules of sol-rubber would be held together by van der Waals’ force, in the latter 
case through primary valences. 

In distinction to the primary polymerization of isoprene to isopentene chains, 
the formation of gel-rubber might be designated as a polymerization of the second 
type, which may also give rise to branching of the chain and can by means of the 
possible double bonds of the one ‘“‘parent molecule” of sol-rubber react reversibly 
with double bonds or methylene groups or terminal groups of further molecules of 
sol-rubber. This point of view is furthermore in accord with the fact that, when 
heated in the dry state, sol-rubber is rendered similar to a gel, both with respect 
to its viscosity and to its behavior toward iodine chloride. 


! 1 CH; 
—==CH—CH:—(CH =CH3. 
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The chief chemical problem of rubber development is the search for the “large 
equivalent” and the proof of its existence. With the aid of ozone cleavage, Har- 
ries has already searched for the end member of a longer chain, and particularly 
for acetone and methylglyoxol. Even when working with 0.5 kg. of rubber he has 
not been able to find these products which, according to Formula I would have to 
be formed with ozone as cleavage portions of the end member at a and d, and there- 
fore he assumed for rubber a ring form (Formula III), consisting of isopentene 
groups. He next assumed an 8-member ring arising from two isopentene groups, 
which, however, would have to be increased to 6 to 8 isopentene groups. No end 
members are present in such a ring, and it now seems impossible through addi- 
tion or cleavage with ozone to find out the size of the molecule. In Formula I, 
acetone is to be expected from the cleavage of the first member of the ozone chain. If 
1, 0.1, and 0.01 per cent of the carbon skeleton of rubber could be found after ozoni- 
zation in the form of acetone, then it would be possible to conclude that the aver- 
age cross-section of the carbon skeleton of the rubber chain has sizes of 3600, 36,000, 
and 360,000, respectively. 0.01 per cent of acetone can still be easily detected, 
either by means of o-nitrobenzaldehyde as indigo, or benzaldehyde as dibenzalace- 
tone. The experiments of Harries on ozone cleavage yielded, based on raw rubber, 
only about 65 per cent of the carbon skeleton in the form of fragments of levulinic 
aldehyde, and levulinic acid, respectively. His yield, based on pure reprecipitated 
ozonide, was 90 per cent. On the basis of this yield there can be no possibility 
of any end member of a long chain closing, especially today when much greater 
long chains have been discussed than at the time of Harries. The yield of definite 
fragments must therefore be increased, possibly up to 100 per cent of the carbon 
skeleton of rubber. In collaboration with Karl Gerlach and Georg Ebermeyer, I 
have studied this problem and by improving the ozone cleavage and method of 
procedure the yield would be increased to over 90 per cent when working with. 
purified rubber. The cleavage occurred equally well with steam, as with reduc- 
tion of ozonides catalytically, or with aluminum amalgam in moist ether. Here, 
too, traces of acetone were found, so that it is still a question whether it is really 
due to an end member and not to an impurity. Moreover, 3-6 per cent of the car- 
bon skeleton of rubber in the form of acetic acid were found, which may arise either 
from a primary member according to Formula II, or from cleavage of levulinic 
acid.!' The levulinic aldehyde was determined by the copper number and by 
phenylmethyldihydropyridazine. A quantitative method of determination for 
levulinic acid by means of a dinitrophenylhydrazine was worked out. The chief 
part of levulinic acid was always isolated in the form of the so-called levulinic alde- 
hyde peroxide, which was detected as a levulinic acid peroxide and is represented 
by the following formula: 


CH;—C—CH;—CH:—COOH 


d 


This levulinic acid peroxide is transformed very easily in acid medium, in the 
presence of reducing agents, with the formation of formic acid, succinic acid and 
levulinic acid. Therefore, the formation of small quantities of succinic acid (0.5- 
2%) is probably not to be attributed to the presence of a special end member. 

The yields of the individual cleavage products in a few experiments are shown 
in the following table. 
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TABLE 
Kind of Rubber Smoked Sol Crepe Sol Alkali-Purified Alkali Gel-Rubber 
Total Rubber 


Method of Cleavage Steam, Steam, Aluminium Steam, Platinum and 
760 Mm. 760 Mm. Amalgam 760 Mm. Mercury in 


Steam, 
. Carbon dioxide 
. Formic acid 
Acetic acid 
Levulinic aldehyde 
Levulinic acid peroxide 
Levulinic acid 
. Succinic acid 
. Acetone 
Rosin 


Rowe 


95.50 95.99 96.75 98.33 85.19 


@ When levulinic acid is boiled with water, some acetic acid is always formed, 
therefore we again distil the levulinic aldehyde with steam im vacuo; compare with the 
experiment with aluminium-amalgam. 


>... indicates not determined. 


The levulinic acid obtained in the distillation of the cleavage product appears 
from the yield of dinitrophenylhydrazone not to be 100 per cent, so that the values 
of the yields here must still be somewhat too small and must be studied more ex- 
actly. It was observed that a small quantity of a fermentable portion was con- 
tained in the residue, so that one might be reminded above all of Neuberg’s work 
on pyroacemic acid. However, one must also look for homologs of ketone acids 
which might be formed by the cleavage of a terminal ring system. It is entirely 
possible that a polyprene chain formed initially is transformed at the end by the 
closing of a ring, so that we find at the end of the chain, not a C;Hs group with two 
double bonds, as in Formulas I and II, but a 5- or 6-ring, resulting from it according 
to the following or a similar formula: 


CH; CH; 


CH: 


Naturally ring formation of the end member with a second rubber molecule 
might occur. The presence of a conjugated system of two double bonds at the 
end of the chain is highly improbable for optical reasons. According to Scheibe’s 
determinations of the absorption of purified rubber in ultra-violet light, it follows 
that instead of about 230 mu, where the chief absorption band of isoprene occurs, 
rubber shows only 4/3009 of the extinction coefficient of isoprene. 


Summary 


According to the results of research which has been carried on until now, the 
tubber formula can hardly be formulated without a ring system. It has either a 
very large, closed ring of isopentene groups, or a long chain, somewhat as in For- 
mula II, in which the terminal isoprene group has disappeared through ring for- 
mation. It is the problem of organic preparative chemistry to carry on in the 
most exact way the by-no-means hopeless search for the end members of the long- 


1.62 0.53 
12:38 
6.18 21.30 
17.19 16.40 
36.50 47.50 
0.93 0.57 
7.85 1.74 
—C=CH—CH,—CH 
=, CH: 
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chain natural products, and not to rely wholly upon the results of physical methods 
alone. The imagination of organic chemists must still more than before seek to 
trace the characteristic reactions of the end groups, which differ from the remain- 
ing chain members. 

For proteins, the determination of the increase of free terminal amino groups 
and carboxy] groups in cleavage reactions is already an important method of inves- 
tigation, and with polysaccharides the reaction of hypoiodite with a free terminal 
aldehyde group has been carried out with success by Bergmann for determining 
the length of the chains. In the field of high molecular natural substances, which 
is so difficult to investigate, we shall consider a concept as certain only if it is 
supported equally by the results of chemical as well as physical methods of in- 
vestigation. 


Reference 


1 Prolonged heating of levulinic acid forms some acetic acid, but long enough for the cleavage of 
ozonides, only very little. Methylglyoxalperoxide is capable of producing more acetic acid. 


[Translated from Die Naturwi haften, Vol. 18, No. 44, pages 915-6, October 31, 1930.] 


The Fusion Curve’ of Natural 
Rubber 


G. v. Susich 


I. G. FARBENINDUSTRIE A.-G., LUDWIGSHAFEN, A, RH. 


Katz? has shown that the melting point of frozen raw rubber is 35°-38° C. when 
determined by the disappearance of the crystal interferences upon warming. The 
discontinuous changes in the specific gravity, in the hardness, and in the light ab- 
sorption,® as well as the y-anomaly of the specific heat,‘ lie within this temperature 
range. 

The disappearance of the Debye-Scherrer diagram upon heating frozen rubber is 


(021) (020) (201) (200) (400) (020) (200) 


20° 


Figure 1a—Frozen Figure 1b—Stretched 
Unstretched to a Maximum 


seen in Fig. la. Above 35° C. the frozen pieces become elastic and when un- 
stretched give an amorphous diagram, but when stretched they again crystallize, and 
the interferences of the fiber diagrams disappear only at a much higher temperature.§ 
Figure 16 shows that only at about 90° C. do crystal interferences disappear from 
rubber stretched to its limit. According to data of Feuchter and Hauser,* the amor- 
phous diagram of racked rubber already appears at temperatures lying between 
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34° C. and 45° C., from which it can be concluded that the racked samples are no 
longer in a state of stress. : 
If rubber is stretched at elevated temperatures to different degrees at high speeds 
and at as nearly a constant rate as possible, the fusion curve can be ascertained by 
the appearance or the disappearance of 
n the crystal interferences. In Fig. 2 the 
fiber diagrams are represented by black 
circles and the amorphous diagrams by 
white circles. Circles with dots indi- 
cate the beginning of crystallization— 
the appearance of the (200) interference. 
The “fusion region” is hatched. It can 
be seen that above this “fusion region” 
rubber is crystalline and below it is 
amorphous, that the ‘melting point” 
becomes higher with increasing elonga- 
tion, and that for highly stretched 


ee WY samples it lies at about 90° C. Above 


@ Fiber Structure this temperature only amorphous dia- 
© Amorphous 


° } Beginning of Crystallization 


grams of rubber are obtained, the flow 
then is very great, and the samples 
Figure 2 break at comparatively low degrees of 
elongation. 
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The Long Spacings of Rubber and 
Cellulose | 


George L. Clark and Kenneth E. Corrigan 


DEPARTMENT OF CHEMISTRY OF THE UNIVERSITY OF ILLINOIS 


The purpose of this investigation was to find a means of attack on the analysis 
of those compounds, some of whose crystal diffraction spacings lie between the 
ranges of x-rays and the ultra-violet region. In this group the most important at 
present are rubber and cellulose, although many other uses such as the study of 
proteins and tissues might be found for such a method. 

These compounds in their natural state are made up of aggregates of small units. 
When examined by the x-ray method, they for the most part give only a diffuse 
band that is termed an amorphous ring. When stretched or strained (in the case 
of rubber) or lined up along the fiber axis (in the case of cellulose), these same com- 
pounds give a more or less complete fiber pattern, showing that the amorphous 
ring in reality conceals a true crystalline structure. This crystal structure, as 
will be shown, has been a continuous source of controversy. Various formulas 
for rubber have been proposed, proved, and disproved; cellulose has fared the 
same way. In each case the parent chemical substance is well known, but what 
number of units make up the ultimate particle, that is, at what point C;Hs ceases to 
be isoprene and becomes rubber, cannot be shown until the unit cell has been 
definitely measured. 

For some time rubber was considered to be entirely amorphous. In 1924 and 
1925, however, a number of papers appeared by Clark,! Katz,? and Hauser and 
Mark,’ which indicated a different condition. All agreed that vulcanized rubber 
gave only the broad, amorphous ring; in certain cases raw unstretched rubber was 
reported as giving interference rings indicative of crystalline structure. 

While this work was in progress, Plummerer and Koch‘ tried successfully to 
isolate crystalline material by repeated extraction of raw smoked sheets and puri- 
fication of the product. They reported the finding of colorless, non-elastic crys- 
tals, and, further, an analysis of these crystals. The unit cell dimensions were 
4.83 X 4.71 X 5.33, the form monoclinic, the angle between the axes 77°19’, and 
one molecule in the unit cell. This work has not been repeated. 

Several investigators, Katz in particular, have tried to crystallize rubber by 
cooling it to low temperatures. This seems to be unsuccessful in the case of raw, 
unstretched rubber. In the case of the stretched rubber it is generally reported 
that the crystal pattern formed by the stretching is fixed, and remains after the 
material has returned to normal temperature. 

The examination of stretched rubber gives by far the most important information. 
The photograph of this shows sharply defined maxima indicative of a fiber diagram 
superimposed on the amorphous ring. This demonstrates that the crystalline 
material is not in random orientation, but has assumed the form of long fibers 
containing all of the crystalline material and oriented along the axis of elongation. 


1 Am. J. Roentgenol. and Rad. Ther., 12, 556 (1924). 

2 Chem.-Ztg., 49, 353 (1925); Naturwissenschaften, 18, 410 (1925); Z. angew. Chem., 88, 439 
(1925); Kolloid-Z., 86, 300 (1925); 87, 19 (1925). 

8 Kautschuk, December, 1925, 10; Kolloidchem. Beihefte, 22, 63 (1926). 

4Ann., 488, 294 (1924). 
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Calculations show that the isoprene unit is the basis of the crystalline material. 
Vulcanized rubber gives the same effect, but the required amount of elongation is 
greater than in the case of the raw rubber. 

In the course of their investigation Hauser and Mark accustomed their eyes to 
the dark by remaining in a darkened room for five hours and then watched the 
process of orientation by means of a fluoroscope while the sample was being 
stretched. They found that the interference maxima appeared instantaneously, 
but that they remained for some time, in certain cases as long as one hour, after the 
tension had been released. 

- The primary interest of all the investigators was to find the unit cell of rubber. 
Katz, as well as Hauser and Mark, calculated unit cells which were rhombic in 
form from the Hull-Debye-Scherrer rings by use of the Polanyi equation. Katz 
obtained 8 X 6.5 X 6.5 A. U., while Hauser and Mark measured 8.0 X 8.6 X 7.68 A. 
U., the correct dimensions. This would indicate four molecules of isoprene per unit 
cell, or more, if the spacings are of the second order. Ott® examined a specimen of 
crepe rubber and found the greatest spacing, d = 6.37. From the calculated 
volume of the molecule of isoprene, he decided that the unit cell contained six iso- 
prene units. His assumptions in this calculation were attacked by Herzog. 

The present status of knowledge of the structure of cellulose has been so thor- 
oughly and excellently covered in recent papers *7 that it will not be discussed in 
the present paper. The latest investigations by Mark and Meyer‘ show that the 
ae cell is monoclinic with the following definite dimensions: 8.3 X 10.3 X 7.9 

.U., 8 = 84.° 


Theoretical 


From all the mass of information on these polymerized compounds, rubber in 
particular, several important theories have grown up. In the first place, it was | 
shown that the line breadth of the diffraction pattern did not change with stretch- 
ing, and, therefore, that the effective particle size remained the same. From the 
Debye-Scherrer equation, Clark estimates this particle to contain two thousand 
molecules of isoprene. 

In the usual case a unit cell cannot contain less than one molecule of any sub- 
stance, but it is apparent at once that the cells which have been measured in this 
case can contain only a small fraction of a long and exceedingly complex chain. 

From the fact that the crystals observed upon stretching a sample appear at 
once, it is obvious that those crystals existed in some other form in the sample 
before stretching. The theory advanced by several writers is that, upon stretch- 
ing, the angles between groups in the molecule, the chain being a spiral, are changed 
and that in the course of this changing certain groups are brought into such relation 
with each other that they form continuous planes which diffract x-rays. If this 
theory is correct, then these planes in reality may have almost nothing to do with 
the true structure and properties of rubber, a case which is not true. A single point 
in its favor is the fact that although these planes appear instantly they take some 
time to disappear. Their appearance would depend only upon the mechanical 
pull necessary to bring these groups into the proper position, while their disappear- 
ance would depend upon the action of comparatively weak secondary valence 
forces to bring them back. 

It becomes apparent, however, that if the true unit cell is to be measured, then 


5 Naturwissenschaften, 15, 320 (1926). 

6 W. H. Bragg, Cellulose, April, 1930, I, 80. . 
7G. L. Clark, Ind. Eng. Chem., 22, 474 (1930). ’ 
8 Ber., 61, 593 (1928): Phys.-Chem., Abt. 2B, 115 (1929). ‘ 
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stretching must not be employed except as a last resort, and any data so obtained 
must be interpreted with caution. On the other hand, if a means is perfected to 
take these measurements in their normal state, there is no question of mechanical 
interference of this sort. 

There are several theories which attempt to explain the state of molecular ag- 
gregation in the amorphous condition. The most logical, advanced by Clark, is 
that in this case the molecules are in the condition of a regular crystal, 7. e., ben- 
zoic acid, which has been heated up just below its melting point. In this case a 
normally crystalline material retains its crystal faces, but when examined by the 
x-ray method shows no internal crystal structure. It would seem, however, that 
if this theory were correct, freezing the amorphous material, particularly while it 
was being agitated in some way to give it a chance to crystallize, should cause it to 
change over to a definite crystal form. This does not appear to be the case. 

A second assumption is that in the original form it is possible that the material 
exists as preformed aggregates, but since the aggregates are so large the planes are 
too far apart to enable interference of the rays ordinarily used. The spacing, 
whatever its nature, is certainly larger than the wave length of the ray, and the 
limits of interference are unknown. There is almost no firm basis for this theory, 
but it is the one which the authors hope to prove or to disprove in some definite 
way. 

In the case of cellulose the conditions are somewhat different, since this cannot 
be considered amorphous. The crystal grains or colloidal micelles have been shown 
definitely to consist of bundles of long primary valence chains of glucose residues 
arranged in unit monoclinic cells, with each chain a spiral which has a definite 
periodic arrangement of the hexagonal rings. 

The spacings already found by the x-ray method for cellulose fibers have a long 
period of 10.3 A. U., and, as shown elsewhere in this paper, a monoclinic unit cell 
can be calculated. Clark has pointed out that this cell contains four glucose resi- 
dues, arranged in spirals at the corners and along the longitudinal axis. It now 
becomes obvious that, considering the great molecular weights which have already 
been determined for cellulose, this unit does not embody the length of a whole 
macro-molecule, but simply of a definitely recurring period in the micelle. Since 
the copper radiation cannot be used to measure much longer spacings, the’ next step 
is to apply a longer wave length in order to measure a period which may represent 
the dimensions of the macro-molecule or the micelle. 

Since the characteristic radiation of each element increases in length with de- 
crease in atomic number, the use of various target materials below copper in the 
periodic table would give the desired wave length. The elements which suggest 
themselves are iron, aluminum, magnesium, carbon, and beryllium. Since the K- 
alpha line for magnesium is at 9.86 A. U. (Siegbahn), and this material is readily 
obtainable in pure form, it was chosen for use in the present investigation. 

Since this radiation is easily absorbed by air, some form of vacuum spectrograph 
was necessary. Such instruments have been designed for work on mission spectra 
with a very thin window through which the rays from the x-ray tube could enter. 
It occurred to one of the authors that an instrument might be constructed in which 
there was no obstruction between the source of the x-rays and the recording film 
since the two were contained in a single evacuated container. Such an instrument 
was built and is described in detail. 


Experimental 


(1) Apparatus —Two vacuum spectrographs have been constructed. The first 
consisted of a box of 8.5 cm. square cross-section, 30 cm. in length, inside measure- 
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ment. One end was permanently closed and the other open. The open end was 
reinforced all the way around with quarter-inch square brass rod to which the plate 
which closed this end could be cemented. At the right side of the closed end a 
ring 8 cm. in diameter, turned from solid brass and having a deep groove in the 
exposed side, was securely soldered. A hole was drilled through the side of the 
box inside this ring. The target was turned of solid brass. It was of the usual 
form, with water inlet and outlet tubes and cut at an angle of 45°. The face of 
the target was removable and was held in place with three deep-set small screws. 
A circular plate 8 cm. in diameter was turned out of quarter-inch brass. The 
face of this plate was cut with a circular groove and a hole drilled through the 
center, °/s inch in diameter and tapped with a fine thread. A piece of tubing 
slightly larger than the hole was soldered to the inside of the plate around this 
hole. The purpose of this tube was to give support to the cathode tube and it was 
perforated with quarter-inch holes. The cathode tube was made of °/s inch heavy 
brass tubing, and when finished was 30 cm. in length over all. All parts attached 
to it were brazed, since soldering might not stand the working conditions. The 
outer end was threaded with the same thread which was used in the cathode end 
plate, already described. The inner end was fitted with a short heavy screw !/, 
inch in diameter to carry the aluminum cathode. The end plate was then run on 
to this thread part way and the usual air cooling tubes were brazed onto the out- 
side. The insulator was made of 50-mm. “Pyrex” tubing, 25 cm. in length, with 
ground ends. The cathode was made of aluminum, one inch in diameter with a 
radius of curvature of 1.5 inch. All brasg parts were heavily tinned. (The ap- 
parently aimless mixing of units in these dimensions was unavoidable as some of 
the parts were turned out on a standard lathe while others were naturally measured 
in metric units.) wit 

A camera of sheet lead was built with a square cross section just small enough to 
slip into the body of the tube. This camera carried the usual type of pinhole in 
the forward end, behind which was a slot for a specimen holder. This specimen 
holder was made of quarter-inch square brass rod and fitted at top and bottom with 
small plates held with screws. The specimen was mounted by fastening one end 
under one of these plates and drawing out the other end to the desired length. The 
body of the camera as first made gave a length from specimen to film of 15 centi- 
meters. This was later cut down when a longer pinhole was substituted. 

The second tube was a modification of the first, built after enough work had been 
done to show the failings of the first model. The body of the tube consisted of a 
bronze casting. The camera holder was formed from a large brass tube and the 
camera from a second tube which would slip inside of the first. These two tubes 
were fitted by first turning and then grinding. The same target was used but the 
target angle was changed from 45° to 10°. The important improvements in this 
tube are as follows: 

1. The camera body, being tubular, cannot be crushed by the pressure of the 
atmosphere. 

2. Two film holders are provided, one of which has a hole in the center. This 
one can be set close to the specimen to register the diffraction pattern due to small 
spacings. The second can be set back in the end of the camera to get great resolu- 
tion. 

3. Connections are provided for two mercury vapor pumps in order to speed 
up operation and to maintain a higher vacuum while running. 

4. Much sharper focus and, therefore, a more intense beam of x-rays is obtained. 

5. The changes in material and construction decrease the leakage by diffusion 
and make it possible to get any degree of vacuum desired in a reasonably short time. 
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6. All of these factors of operation make it possible to obtain pictures in a shorter 
time and hence with less fogging of the film. 

(2) Method of Operation and Results—Several attempts were made to run the 
first tube, using a magnesium target. In general, these first attempts were not 
successful. The primary trouble with the tube was the fact that the flat sides offered 
too much area to the pressure of the atmosphere and were crushed to the point 
where some of the soldered seams started to leak. This was overcome by soldering 
strips of one inch channel iron at about one inch intervals over the surface. Shortly 
thereafter a successful run was made, using a magnesium target and a tiny chip of 
calcite for a specimen. A partial Laue pattern was obtained, which proved the 
presence of the wanted ray. 

In order to check the tube a copper target was made and inserted. By replacing 
the camera and end plate with a plate of aluminum the beam could be observed 
with the fluoroscope and properly focussed so that a powerful ray was obtained. 
A carbon target was turned out of high grade graphite and tried once. This work 
will be carried farther in the future. 

The investigation of rubber was then started. All of the samples were thin, vul- 
canized sheets about 0.1 mm. in thickness. Using a magnesium target and operat- 
ing at 10-20 P.K.V. with a current of 15 ma., patterns were obtained for pure vul- 
canized rubber without stretching. The time required was ten hours and the dis- 
tance from specimen to film was exactly 15 centimeters. Although this method fogs 
the film badly, a sharp, intense ring with a diameter of 31 mm. was seen on the film. 
This beyond doubt indicates the most important spacing within the range of this 
tube. Several spots appeared which seemed to be intensity maxima, but as yet 
no information has been obtained from them. The fogging prevented any weaker 
lines from showing up. 

The second tube was used in the work on cellulose and its operation was found 
to be very simple and satisfactory. A high vacuum was obtained in about one and 
one-half hours. The pressure was then allowed to rise to the point where the tube 
would pass sufficient current, and after the preliminary “gassing out”’ it was found 
that the current could be held very steady for a long time. In taking the diffrac- 
tion pattern of ramie, described below, the tube was operated constantly for thirty 
hours. 

For the examination of ramie, a very small bundle of fibers, all arranged parallel 
was fastened to the pinhole. The fixed filmholder was placed in the extreme rear 
of the camera at a distance of 17.3 centimeters. The movable holder with the 
hole in the center was fitted with a film from the center of which a small circle had 
been cut with a cork borer. This film was set 4.7 cm. from the sample. Three 
important rings were found on the two plates, and the rear plate had a partial 
ellipse outside of the other markings. Their diameters were measured as follows: 
front film, one ring, diameter 11 mm.; rear film, two rings, diameters 12.5 and 20.5 
mm.; ellipse, diameter 22’ millimeters. The ellipse was about one millimeter in 
breadth and was measured between the points of half intensity. 

(3) Interpretation and Calculation of Results (A. Rubber) —The diameter of the 
sharp ring was found to be 31 mm., which gives a value for d of 99.25 A.U. Di- 
viding the cube of this spacing by the calculated volume of the isoprene molecule, 
we get at once about 8000 C;Hs groups per unit cell. 

B. Cellulose—As stated before, a single ring, sharp in character, and close in to 
the center, was found on the front film. Since the main beam passes through the 
hole in this film we do not have the excessive fogging in the center that usually 
occurs. The entire film, however, is somewhat fogged by general diffusion. 

The diameter of this ring was found to be 11 mm., which, assuming first order, 
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leads to the spacing, d = 85.0. This spacing, as will be shown, is open to question. 

On the rear film the smallest ring was found to be 12.5 mm. in diameter, which 
corresponds to a spacing of 274.1 A. U. The ring is very slightly elliptical in the 
direction parallel to the fiber axis. It is of interest to note at this point that spac- 
ings of about 150-500 A. U. for the micelle length and 20-50 A. U. for the cross- 
section are calculated from line breadths. 

The second ring had a diameter of 20.5 mm., which gives a spacing of 168.0 A. 
U. This is apparently the first order of the spacing which is recorded on the front 
film in the second order. It is possible that these are both higher orders of some 
spacing that we have not as yet succeeded in resolving from the central beam. 

The outermost mark on the film was elliptical in form and had a diameter of 
22 mm., giving a spacing of 156.0 A.U. This does not correspond with any spacing 
as yet recorded, and probably indicates a new periodicity. The largest diameter 
of this ellipse is perpendicular to the fiber axis of the specimen, from which we can 
postulate that this is one of the cross spacings of the micelle. 

This work was the beginning of a complete investigation of long spacings of rub- 
ber, cellulose, and other highly polymerized compounds, including proteins and 
tissues, and will be carried to further and more conclusive results. If in this work 
it can be assumed that we are measuring the greatest distances in a micelle, then it 
follows that we have a direct check upon particle size, and it may be possible in the 
future to take such data and work back to an absolute calculation of particle size 
from other methods, such as measurement of breadths of diffraction interferences. 


Summary 

1. A new method for the examination of highly polymerized compounds is pro- 
posed. This consists in the direct measurement from diffraction interferences of 
colloidal micelle dimensions. 

2. The construction of an instrument consisting of an x-ray tube with magnes- 
ium target and vacuum camera without intervening window or air space is de- 
scribed. 

3. The major spacing of unstretched vulcanized rubber is found to be 99.3 ALU. 

4. The number of isoprene molecules per unit cell is estimated to be of the order 
of eight thousand. 

5. Three measurements of the long spacings of cellulose are recorded. 


[Translated from Kolloid-Zeitschrift, Vol. 53, No. 1, pages 78-81, October, 1930.] 


Micromanipulations of Latex in the 
Dark Field 


E. A. Hauser 


Frankrort A. M., GERMANY 


The problem of the consistency of hydrocarbon particles, and the physical state 
of the hydrocarbon in latex from the most important rubber-yielding plants, has 
for a long time been the subject of exhaustive discussion, because certain of the 
many established phenomena appear! to indicate the existence of a “‘fluid-fluid’’? 
system and certain of the phenomena a “‘fluid-solid” system. In latex from Ficus 
elastica the rubber hydrocarbon, as Freundlich and Hauser were able to detect, is in 
the form of fluid drops which unite with one another upon evaporation of the dis- 
persing agent, yielding however a compact, tough, elastic raw rubber. As is known, 
the rubber hydrocarbon in latex from Hevea brasiliensis is present in the form of 
non-spherical particles,‘ and this is at variance with the assumption of a fluid 
state. On the other hand, a number of phenomena which have been observed with 
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Figure 1 


Figure 2 


Hevea latex are not reconcilable with the assumption of a dispersion of solid par- 
ticles. 

By the use of the micromanipulator, Freundlich and Hauser were able a few 
years ago to reach a decision in regard to the consistency of latex particles. This 
has already been reported.® 

Though the multiple phase theory of the individual particles of Hevea brasiliensis, 
which was based on these investigations, has been confirmed by other investigators* 
several times since then, and though one of us (H.) showed by micromotion pic- 
tures the most important results of this investigation—the presence of a viscous 
nucleus—yet our hypothesis of an elastic outer shell has been at times the object of 
scientific discussions.’ Although the number of the manipulations and the accumu- 
lated observations doubtless suffice to prove the theory sufficiently, we understood 
clearly that the method might be considerably improved in order to study a large 
number of phenomena so that a clear explanation might be arrived at. 
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This is especially true of the solution of the problem of how far we are dealing 
with a definite membrane-like shell of the individual latex particles, or whether 
the enveloping material is limited only by a progressively increasing hardening of 
the hydrocarbon from the outside. 

Since an improvement in the manufacture of the micro-instruments used is 
hardly practicable, and since furthermore an improvement in the apparatus itself 
is not essential for the result of the experiment, the use of improved optics remains 
as the only possibility. The utilization of the dark field is especially helpful. 

I have already described briefly, at the 4th General Assembly of the Colloid 
Society in Niirnberg, a practical method of micromanipulation in the dark field 
used by Peterfi and Svegvari.2 The method has however a number of disad- 
vantages which make its use very difficult in the present experiment. It can 
therefore be understood that in the past years the wish has been expressed that it 
were possible to carry out the micromanipulations in the dark field without essen- 
tial changes in the otherwise satisfactory technique. 

Recently a new dark field condenser has appeared on the market, which was 
constructed especially for use with the micromanipulator.® The lenses of this 
condenser are peripherally arranged, 
and allow through removal convenient 
introduction of the micro-instruments 
(Fig. 1). Since the condenser is rather 
wide, a moist chamber can be attached 
directly (Fig. 2). The whole arrange- 
ment has the further advantage that 
the micro-needle is visible only when it 
shines within the focus of the condenser. 


corresponding construction and stand- 
ardization of the micro-needle to elimi- 
nate very disturbing light reflections on 
the needle which have a tendency to 
appear (Fig. 3). 

By the use of such an apparatus we 
succeeded in studying a number of im- 


Figure 3—Micro-Needle Placed on a 
Slantin the Focus. With the Needle Up- _ portant observations which had partially 
sent Only a Tiny Point of Light Wou 4 : 

Be Present on the Micro-Photograph escaped thorough observation up to 


now. 
If diluted Hevea latex is placed in the ultra-microscope and allowed to remain 
until the Brownian molecular movement of the individual particles has almost 
stopped, then it is possible to attempt to prick individual particles with the micro- 
needle. Under these conditions the particles show a tough surface which is diffi- 
cult to penetrate and which is also difficultly deformable (Fig. 4). If the surface 
of such a particle could thus be successfully penetrated by a rapid prick, then 
less resistance was encountered upon further penetration of the needle, since the 
interior consists of a mass of increasingly lower viscosity, part of which runs out 
of the particle when the needle is quickly withdrawn. As soon as this mass flows 
out, the particle shrinks together. However, when the protruded mass comes 
in contact with the dispersion medium, it is immediately transformed into a plastic 
jelly. This result confirms the contention already made by Freundlich and Hauser 
that the inside of an individual latex particle must consist of a viscous fluid. 
By a study of latexes from various old Hevea trees, however, it was possible 
to prove that the degree of toughness of the particles and the thickness of the tena- 
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cious layer decreases with diminishing age, so that latex from very young trees 
contains particles which consist of viscous masses, whereas the particles of latex 
from old trees are already extremely jellified. 

If in this micromanipulation, one waits until the dispersing agent is completely 
evaporated, then it is possible to obtain the innermost nucleus of a particle in 
the form of a plastic jelly. The remaining shell shows remarkable elastic prop- 
erties during this phase. If the dispersion is allowed to remain quiet for a still 
longer period after complete evaporation, and the micromanipulation is carried 
to a still later phase, it is no longer possible to remove a jellied substance. The 
particle has acquired on the contrary a compact consistency throughout, and has 
been transformed completely into an elastic substance.'® 

If the Brownian molecular 
movement is brought to a stop 
by the addition of acids or elec- 
trolytes (coagulation), the stud- 
ies with the micromanipulator 
show that here also particles 
with pronounced elastic pro- 
perties are obtained, whose con-. 
sistency in their interior is no 
longer different from the con- 
sistency of the outer layer." 

{t should here be mentioned 
that with the aid of the dark 
field already referred to by 
Freundlich and Hauser it can Figure 4 
be proved conclusively that the 
adsorption layer of the individual particles consists for the most part of protein 
and resin.'? If a dispersion is dried and the surface of an individual particle is 
scratched with a suitable micro-instrument, one can prove the presence of a layer, 
not perceptible in the bright field, by the defraction of the light on the needle. 


Summary 


It can be conclusively proved that the individual particle in latex of Hevea 
brasiliensis after the evaporation of the dispersing agent is surrounded by an ad- 
sorbed layer, probably of protein and resin. 

In the dispersed condition, the particle shows a difficulty penetrable and not 
deformable surface. After puncture a highly viscous mass flows out from the 
interior, and at the moment it comes in contact with the dispersing agent it stiffens 
to a plastic jelly, while the remaining shell exhibits remarkably elastic properties. 
After the evaporation of the dispersing agent, there occurs a progressive gelation 
and transformation into an elastic substance. 

The same result is obtained when the rubber phase is coagulated by acids or 
electrolytes. The establishment of this fact is important in connection with the 
usual preparation of raw rubber. 

It was proved that the consistency of the particles and the thickness of the 
elastic shell are dependent on the age of the trees. We are dealing not with a defi- 
nite membrane, but with a variable enveloping shell whose strength seems depen- 
dent on the degree of polynierization of the hydrocarbon. 

In general the results of the present work prove the latest concepts of the struc- . 
ture of rubber, 7. e., the existence of various degrees of polymerization, which can 
be traced back to the structure of the latex particles. 
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The Action of Solvents with 
Rubber 


P. Stamberger and C. M. Blow 


Tue Sir WILLIAM RAMSAY INORGANIC AND PuysiICAL CHEMISTRY LABORATORIES, UNIVERSITY COLLEGE , 
LonDON 


Within the limits of the following article, we shall confine ourselves to a descrip- 
tion of the methods used and a report of the results obtained. _ 

In two earlier works by one of us,! which dealt with the measurement of the 
lowering of the vapor pressure of the solvent in rubber jellies and solutions, the 
fact was established that neither the origin of the sample nor the consistency of 
the solution obtained upon swelling has any influence on this vapor pressure. 

This fact was proved by measuring the swelling pressure and the osmotic pres- 
sure. 

In the paper referred to, the assumption was made that the union of the solvent 
with rubber was produced by the adhesive forces between solvent and rubber 
molecules. In this case neither the origin nor the previous history of the sample 
is of influence. Secondary factors like surface adsorption and capillary strength 
are not taken into account here. 

It was further assumed that the adhesive forces had a limited sphere of action. 
To prove this, measurements were made of the swelling pressure and osmotic pres- 
sure with different samples of rubber. 

Von Posnjak? has already applied such measurements to known ranges of con- 
centrations. It is of interest that his values, which were obtained many years ago 
with rubber samples of quite different origin, could be reproduced by us. 

The rubber used in our experiments was from the following sources: 

1. Isolated from purified rubber latex. (This swells in a quite limited way toa 
stable jelly.) . 

2. Commercial first latex crepe (likewise swells to a jelly). 

3. The same in a highly milled state (which combines with a liquid to form a 
viscous solution). 

4. Another sample of the same type of rubber which was milled an equally 
long time in a current of nitrogen. (This gave a very viscous solution.) 

All the samples gave the same values. 

The method used in measuring the rubber jellies is shown in Fig. 1. It is a 
simple device consisting of a glass cell, B, a semi-permeable membrane, A (a clay 
plate impregnated with a rubber solution according to Caspari’s suggestion*® and 
then vulcanized in the cold), a manometer tube, C, and an outer vessel, F. 

The rubber sample (0.2-0.3 g.) is weighed in cell B, the membrane A is then 
attached, the whole apparatus is filled with air-free mercury, and Dis opened. The 
rubber floats on the surface of the mercury and is pressed gently against the mem- 
brane, so that it is under slight pressure. The swelling liquid is then let into F, 
and the quantity of mercury forced out at D during the swelling, which corre- 
sponds to the volume of the liquid taken up, is weighed. After sufficient liquid 
has been imbibed by the rubber, D is closed and a pressure produced in manometer 
C by means of a column of mercury. The depression of the mercury meniscus in 
the manometer tube corresponds to the change in volume in the cell brought about 
by the pressure. 
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If the same method of measurement is used for dead-milled rubber (which gives 
a viscous solution) very low results are obtained, 7. ¢., pressures which suggest 
a state of equilibrium and do not change further even after six months. If the 
concentration of rubber in the jelly is determined analytically, it is found that this 
concentration shows rather great differences at different heights. In one case, 
for example, near the membrane the concentration was 12 per cent; 1 cm. away 
it was 18 per cent. The concentration in the case of jellies of unmilled rubber was 
exactly the same throughout the entire cell. On this basis, the osmotic pressure 
of “solutions” must be measured with an apparatus under conditions where the 
pressure can be measured without a change in the concentration. This apparatus 
is shown in Fig. 2. 


Figure 2 Figure 2a 


The rubber solution was poured into the outer vessel F, and cell B with its at- 
tached membrane was filled with the pure solvent. The solvent was attracted 
through the solution and the meniscus in capillary G was depressed, corresponding 
to the amount of solvent absorbed by the solution. This attraction is balanced 
by a counter pressure in the mercury manometer. This pressure is recognized 
when displacement no longer occurs in the capillary (upward displacement signi- 
fies too high a pressure). Ordinarily the pressure which will maintain the system 
in a state of equilibrium will be found in twenty-four hours. The outer vessel 
F is closed by an attached glass plate D. With high pressures, instead of using 
the glass plate, the manometer tube must be attached directly as in Fig. 2a. This 
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is necessary since much air is absorbed by the solution with increased pressure. 
The results of this work are given in Table I and Fig. 3. The measurements 
were carried out with toluene as a solvent in an air thermostat at 25° (+0.2) C. 


TABLE I 
Unlimited Rubber (Jelly) 


Concentration of the Rubber 


Pressure, Grams in 100 Cc. Grams in 100 Grams 
Grams per Cc. of Solvent of Solvent 

68 4.07 8.12 
129 7.51 8.63 
150 8.03 9.22 
184 8.20 9.43 
184 8.43 9.70 
226 8.85 10.20 
267 9.34 10.75 
320 10.00 11.50 
417 10.50 12.10 
392 10.50 12.10 
334 10.50 12.20 
484 10.70 12.30 
503 11.20 12.90 
531 11.30 13.00 
605 11.75 13.50 
702 12.60 14.50 
720 12.90 14.80 
826 13.50 15.50 
1320 18.80 21.60 
1820 22.00 25.30 

Highly Milled Rubber (Viscous Solution) 

116 7.54 8.55 
172 7.40 8.52 
286 8.60 9.90 
250 8.75 10.00 
279 8.70 10.00 
382 10.00 11.50 
399 10.50 12.50 
554 12.00 13.80 
612 12.50 14.40 
654 13.50 15.50 
900 15.00 17.20 
1720 21.00 24.20 


Since the swelling pressure usually increases extraordinarily rapidly with the 
concentration, errors in the determination of the pressure are rather great. Dur- 
ing the measurement a difference in concentration seems to appear in the mem- 
brane itself, as a result of which the value of the pressure changes in different ways 
irregularly, according to whether one introduces or removes pure liquid from the 
membrane. With very thin membranes of impregnated paper, which were used 
in determining pressure at low concentrations, this irregularity was not found; 
unfortunately these membranes cannot be used for high pressures. 

An examination of curve 2 in Fig. 3 shows that its course is quite different from 
that of molecular solutions. The pressure rises extraordinarily sharply in rela- 
tion to the concentration. This proves the theory of a sphere of action. If there 
are molecules of the solvent outside this sphere of action, then the course of curve 
is entirely different. This concept agrees in principle with the opinion of Hardy‘ 
and Wo. Ostwald® that the combination of jellies with liquids involves forces of 
different nature. 


| 


a 
bo 
a 
e 
n 


Conen. in g. of rubber in 100 g. of solvent. 


X Posnjak’s values 
O Unmilled rubber (jelly) 
® Milled rubber (solution) 


Figure 3 
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The formula proposed by Freundlich* 
and Posnjak to describe the swelling pres- 
sure, P = P,c*, with two constants P, and 
k, does not represent the whole phenome- 
non. In Fig. 4, log P is plotted against log 
c and as is evident is not a straight line 
function. The exponent & also changes 
with the concentration. 

As Posnjak emphasized, if the pressures 
of both directions (swelling and deswelling 
or, in the case of solutions, removing 
liquids and dilution) are determined, the 
same values are obtained. This indicates 
that the values measured correspond in all 
cases to true equilibrium. That this must 
be the case is also evident from the fact 
that the swelling pressures could be calcu- 
lated’ from the experimental lowering of 
the vapor pressure. 

It was possible, as already mentioned, 
to prove again that the decrease in the 
free energy of the solvent bears no rela- 
tion to the consistency of the jellies or to 
the viscosity of the solution. It was 
interesting to study the influences which 
bring about a change in the viscosity. 
Facts were found which could not be made © 
to agree with the concept that there exists 
a direct relation between the viscosity of a 
rubber solution and the molecular weight. 
These have already been reported by one 
of us. Two results only may be briefly 
repeated in this connection, which plainly 
show that the viscosity is affected by 
different molecular sizes. It was proved 
that milled rubber which was dissolved 
after long or short standing after milling 
gives more viscous solutions than rubber 
which was dissolved immediately after 
milling. The curve marked A in Fig. 5 
gives in a relative way the viscosity- 
pressure diagram of a 5 per cent solution 
for rubber which had just been milled, 
and B the same for rubber which had been 
standing seventeen days. Benzene and 
petroleum ether were used as solvents. It 
is worth noting that the relative viscosities 
of the solutions are but little different with 
these two solvents, in spite of the optical 
behavior showing differences. The solu- 
tions in benzene are clear, those in petro- 
luem ether are opaque and turbid. 
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This rise in the viscosity during standing was also proved for very dilute solu- 
tions, but the relative differences were much less than in the case of concentrated 


solutions. This agrees with 
the course of the concentration- 
viscosity curve, which is not 
linear. Apart from the optical 
behavior of the solutions, it 
is difficult to imagine that 
this change is produced by 
polymerization and depolym- 
erization. 

The other effect, which must 
be mentioned here, is the result 3 
of the action of gas black upon 
rubber. LeBlanc and Kréger® 
have already proved that rub- 
ber mixtures give solutions of 
higher viscosity with increas- 
ing quantities of gas black 
than does the original rubber. 
Figure 6 shows again the re- 
sults obtained by one of us. 
The curve marked 1 shows the 
viscosity-pressure diagram of a 
10 per cent solution of strongly 
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milled rubber. If about 15 per 
cent gas black was mixed with 
this rubber, and the solution 
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prepared immediately after milling, 
curve marked 2 resulted. After 
standing for 30 days, the solution 
had a viscosity as in curve 3. In 
addition to the rise in viscosity, 
there was also a change in the 
elastic structure, whose magnitude 
increased extraordinarily upon 
standing. 

All the solutions were thixotropic, 
and the solution represented in 
curve 3 was obtained from a jelly 
by vigorous shaking. 

These phenomena too can with 
difficulty be explained by the 
change in the molecular weight of 
rubber. 


Summary 


1. Methods and results of 
measurements of the swelling pres- 
sure and osmotic pressure of rubber 
jellies and solutions are described. 
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2. Within the range of concentrations which was measured, no differences were 
found between the rubber jellies and the solutions. 


(3) 


700 1720 40 20 H0 
Relative viscosity. 
(1) Dead-milled rubber 
— Dead-milled rubber with 15% black, dissolved imme- 


y 

3) Dead-milled rubber with 15% black, dissolved after 
ys 

Figure 6 


3. Rubber of various origins gave the same values. 
4. A few influences which bring about changes in viscosity have been discussed. 
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The Oxidation of Rubber at 
Atmospheric Temperatures 


W. C. Davey 


Duntop RuBBER Co., WAKINOHAMA, KoBE, JAPAN 


In former communications (Trans. I. R. I., 4, 493 (1929); 5, 386 (1930)) some 
of the chemical changes which take place when rubber is oxidized at temperatures 
of 70°C. and 100° C., respectively, were discussed. In the present paper some of 
the oxidation changes which occur in rubber when stored at ordinary atmospheric 
temperatures, and the relation of these changes to those at high temperatures, are 
discussed. 

Procedure: Portions of the vulcanized samples were sheeted out by passing 
them through the tightly closed cold rolls of a laboratory mill and then cut up into 
snippings. A few grams of each of the samples were then placed in small beakers 
and left to undergo oxidation changes, the samples being periodically shaken to 
ensure uniformity of oxidation. The increases in weight were determined at fixed 
intervals and a portion of each sample was removed and the amount of resinous 
matter present estimated by extracting with acetone for 24 hours. All the results 
are given as a percentage of the original unoxidized sample. 


A. RUBBER-SULFUR MIXINGS 


(1) Aged in Absence of Light 
(a) Unextracted Rubber. 


Table I shows the results obtained when samples of a rubber-sulfur mixing 
(100:8) of varying vulcanization coefficients were stored in a dark cupboard. 
The results serve for comparison with other results later. 


TABLE I 


Cure 1 Cure . 
Vulc. Coeff. 
Aging 
— Ext. Ext. Ext. 
i i Less Free S 


in Wt. 
Months (%) (%) %) (%) (%) (%) 
3 i js 2.51 0.10 2.57 
6 .08 0. 0.57 3.14 


From a comparison of the results of oxidation with those obtained at higher 
temperatures (70° C. and 100° C.), it is clear that the influence of the degree of 
vulcanization on the extent of oxidation is more pronounced at ordinary tempera- 
tures than at higher temperatures. 


(b) Extracted Rubber. 


The samples mentioned in Table I were extracted with acetone and afterward 
with chloroform, and were then stored in a dark cupboard. Figure 1 represents the 
course of the changes recorded. It will be observed that the increases in weight 
follow the order of the vulcanization coefficients, viz., the higher the coefficient the 
larger the increase in weight. The final increases in weight tend to be considerably 
higher than for similar samples oxidized at oven temperatures. 
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It will be noticed that the effect of storage at ordinary temperatures was to yield 
very high acetone extracts. The extract curves show maxima due to the change of 
the soluble matter into an insoluble form, but it is evident that at ordinary tempera- 
tures the tendency for this change to take place is quite small. This is further 


shown by the ratios comumn te Salat which are maintained at high figures over 


a long period. It will be seen that the ratios reach their highest values after dif- 
ferent periods of aging; the higher the vulcanization coefficient the sooner the 
maximum ratio is reached. 
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AGING PERIOD IN CALENDAR MONTHS 
Figure 1—Acetone- and Chloroform-Extracted Rubber Aged at 
Ordinary Temperatures in a Dark Place 


Vulc. coeff.: Cure 1, 3.10; Cure 2, oo: Cure 3, 5.04; 
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A comparison of Fig. 1 with the results of oven aging indicates that at ordinary 
temperatures the effect of the degree of vulcanization upon the rate of aging was 
larger, causing the curves for different cures to deviate more from each other. 


(2) Effect of Storage in Damp and Dry Atmospheres 


(a) Unextracted Rubber. 

Portions of each of the samples which were used for Table I were sheeted out and 
then desulfurized by boiling in 4 per cent caustic soda solution for 4 hours. After 
washing thoroughly and drying, the samples were divided into 2 portions. One 
series of samples was placed in a desiccator over anhydrous calcium chloride, and 
the other series in a similar desiccating vessel over a solution of calcium chloride. 
The concentration of the latter solution was such as to give a relative humidity of 
approximately 65 per cent. The vessels were allowed to remain under ordinary 
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room conditions and during the experimental period passed through considerable 
seasonal temperature changes. (From around 40° to 97° F.) 

The results show that the oxidation proceeded faster than in the case of Table I, 
but that it was still quite slow. The oxidation was in all cases slower in the moist 
atmosphere (Stevens, J. Soc. Chem. Ind., 251T (1920)), but the relative effects 
of the moist and dry atmospheres differed with the degree of cure of the samples. 
Whereas in the case of the cure 1 samples, the difference between the extent of 
oxidation in the wet and dry atmospheres was only small, in the case of the cure 
3 samples the difference was quite large, oxidation in the dry atmosphere being 
much quicker than in the corresponding moist atmosphere. These results are, 
therefore, in agreement with those of McKee and Depew (Ind. Eng. Chem., 20, 
484 (1928)), who similarly found that, judged by the increase in weight, overcured 
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Figure 2—Acetone-Extracted Rubber Aged in Dry and in 
Moist Atmospheres 


Rubber 100; Sulfur 8. 


samples gained more in a dry atmosphere than in a wet one, but undercured samples 
gained approximately equally. 

In seeking an explanation of the above results, it is believed that the hypothesis 
previously suggested of an oxidation equilibrium can be applied (Trans. Inst. 
Rubber Industry, 4, 498 (1929)). It is well known that water is produced during 
the oxidation of rubber to resinous matter, and the present results suggest that this 
production of water exerts a considerable influence on the oxidation changes. The 
removal of water by a dry atmosphere assists the oxidation change, but the presence 
of water in a moist atmosphere opposes it. In the case of the cure 1 sample, the 
normal production of moisture by oxidation was so very slow that whether this 
production was assisted by the dry atmosphere or opposed by the moist atmosphere 
caused little difference, and as a result the oxidation rate in the dry and moist at- 
mospheres differed but slightly. 


| 
| 
| 
\ 


232 


TABLE II 
AGING oF (DESULFURIZED) RUBBER-SULFUR MIXING AT ORDINARY TEMPERATURES 


Cure 1 Cure 2 
Oxidation Acetone Increase 
Period in in Wt. Extract in Wt. 
Days (%) 
(1) Ina dry atmosphere 


2.24 


Pere. 
SRSSESEN 


.65 
4.75 
(2) Ina moist atmosphere 
2.34 2.24 


Sete stow 


7.15 


In the case of the cure 3 sample, the normal production of moisture by oxidation 
was relatively much larger and this production was sufficient to be definitely as- 
sisted by the dry atmosphere or opposed by the moist atmosphere. As a result the 
extent of oxidation in the two atmospheres differed considerably. The cure 2 
sample behaved in an intermediate manner between the other two samples with 
respect to its normal production of water and as regards the reactions of the moist 
and dry atmospheres to this production. 


(b) Extracted Rubber. 


The same samples of rubber-sulfur mixings were extracted with acetone and, 
after drying, were left to age in the dry and moist atmospheres as in the case of the 
previous samples (Table II). The curves in Fig. 2 show the course of the changes 
recorded. 

Other samples of the same rubbers were extracted first with acetone and then 
chloroform prior to leaving them to age in dry and moist atmospheres. The 
changes which resulted are shown on the curves in Fig. 3. 

As anticipated, the effect of acetone extraction was to increase greatly the rapidity 
of oxidation, and extraction with both acetone and chloroform produced still faster 
oxidation. These results were invariable whichever cured sample was considered 
and whether dry or moist atmospheres were concerned. The final increases in 
weight after prolonged aging were in all cases higher for the samples extracted 
with both solvents, and it is clear from a comparison of Figs. 2 and 3 that the acetone- 
and chloroform-extracted samples give rise on oxidation to much higher acetone 
extracts than the samples extracted with acteone only. These results are in agree- 
ment with those obtained in the investigations at 70° C. (loc. cit., 4, 495). A 
consideration of the results of aging the acetone-extracted samples in a dry atmos- 
phere, shows that in the early stages the higher the degree of cure the larger the 
increase in weight. After prolonged aging, however, the increase in weight did not 
follow the order of cure, the cure 2 sample giving a higher figure than cure 3. It is 
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Cure 3 
ne Increase Acetone 
act in Wt. Extract 
0 2.40 

31 

62 

90 
121 
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212 
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concluded that the conditions of dry atmosphere aging were conducive to the re- 
moval of relatively more volatile oxidation products from the cure 3 sample than 
from the cure 2 sample, thus giving a lower apparent increase in weight. The 
amount of acetone extract formed during the aging followed in the early stages the 
order of the cure, that is, cure 3 sample gave the highest and cure 1 sample the least, 
but after prolonged aging the cure 1 sample gave the highest figures and reached 
the highest maximum acetone extract of the 3 samples. These results are due to 
the greater tendency of the higher cured samples to cause the acetone extract to 
change to an insoluble form. 

Considering now the samples aged in a moist atmosphere, it is apparent that 
their rate of oxidation was much slower than that of the corresponding samples 
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Figure 3—Acetone- and Chloroform-Extracted Rubber Aged in Dry 
and in Moist Atmospheres 
Rubber 100; Sulfur 8. 


~ 


3 


aged in dry conditions, The cure 1 sample aged markedly slowly under moist 
conditions and it will be noted from a comparison of the rates of oxidation in the 
moist and the dry atmospheres that whereas the difference was very considerable 
in the case of sample 1, it was not so definite in the case of sample 3. These re- 
sults are, therefore, the reverse of those obtained in Table II when unextracted 
samples were under consideration. It is believed that the present results may be 
explained as follows. The extracted sample 3 normally ages so rapidly, resulting in 
such large quantities of moisture being produced, that the influences of a moist 
atmosphere in opposing it were not sufficiently powerful to be highly effective. On 
the other hand the normal production of moisture by sample 1 was much smaller 
and the influences of the dry atmosphere in assisting production of moisture and of 
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the moist atmosphere in opposing it were, in this case, strong enough to exert very 
definite effects. Hence in this case the extent of oxidation under the two different 
conditions showed considerable differences. 

It will be noted in the case of the samples aged in a moist atmosphere that the 
increases in weight were throughout of the same order as the vulcanization co- 
efficients and that no intersection of the curves takes place. As already noted the 
degree of oxidation of the samples kept under moist conditions was lower, and they 
also gave much lower acetone extracts than the samples kept under dry condi- 


tions. Calculation of the ratios - = wo cid also indicates that there is a 
increase in weight 


greater tendency, in the presence of moisture, for the conversion of acetone extract 
to insoluble matter. It may be noted that in the case of the moist atmosphere 
samples, cure 2 did not yield such a high maximum acetone-extract figure as cure 
3. It is believed, however, that this result was unrepresentative and influenced 
by the very high room temperatures prevailing during the latter period of the ex- 
periments. (Toward the end of the experiments the daily maximum temperature 
was around 90° F. which would cause more acetone extract to change:to insoluble 
matter than at a lower temperature, say, around 80° F.) 

Considering now the acetone- and chloroform-extracted samples (Fig. 3), it is 
seen that although indicating greater oxidation and higher acetone extracts the 
results are essentially of the same type as for the samples extracted with acetone 
only. In the dry atmosphere the final increases in weight did not follow the order 
of the vulcanization coefficients. In the moist atmosphere, however, these results . 
are parallel to those of the samples extracted with acetone only. The acetone 
extract figures again showed that the moist atmosphere conditions resulted in a 
smaller formation of extract. 


(3.) Effect of Exposure to Sunlight in Quartz Tubes 


Two rubber-sulfur samples were cut into small pieces and exposed in small 
quartz tubes to summer sunlight, the daily exposure usually being from 8 A. M. 
to 5 p.m. The temperature inside the tubes was sometimes as high as 45° C., but 
was usually considerably below this. 

The tubes were periodically shaken in order to ensure a uniform exposure of the 
samples. The degree of changes resulting is shown in Fig. 4. 

The samples increased in weight rapidly and continued to increase over a long 
period of exposure without any intersection of the curves taking place. The 
acetone extract curves reach a maximum value and then decrease in a similar 
manner to the curves given by the oxidation of rubber-sulfur mixings at 70° C. 
Yamazaki (J. Soc. Chem. Ind., Japan, 30, 209B (1927)), noticed that the acetone 
extracts of one of a number of samples when exposed to sunlight reached a maxi- 
mum, and Tuttle (India Rubber World, 64, 495 (1921)) also reported that the acetone 
extract continually increased on exposure but did not mention a maximum value. 
It will be noticed that, as in the case of oxidation at 70° C., the lesser cured sample 
yielded a slightly higher maximum extract than the higher cured sample. 

The relatively low acetone extracts and the ratios ; mee ne. indicate a 

increase in weight 
strong tendency toward conversion of the extract to insoluble matter, the degree 
of this change being similar to that produced by oxidation at 70°C. Similarly, the 
ratios are higher for the lesser cured sample than for the higher cured one, indicating 
a greater tendency for the extract of the latter sample to pass into an insoluble 
form. 
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B. ACCELERATED MIXINGS 
(1.) Effect of Aging in the Absence of Sunlight 


(a) Unextracted Samples Vulcanized with an Accelerator. 

It was found that the changes which occur in accelerated mixings, when stored 
in a dark place, were very slow, and the recording of the changes taking place in 
some samples which are being examined is still in progress. 

(b) Extracted Samples Vulcanized with an Accelerator. 


A diphenylguanidine mixing consisting of 100 rubber, 5 sulfur, 5 zine oxide 
and *%/, diphenylguanidine was vulcanized for two periods, and each sample was 
afterward extracted with acetone, and then submitted to oxidation in the absence 
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Figure 4—Rubber-Sulfur Mixing Exposed to Sunlight in Quartz Tubes 


Vulc. coeff.: Cure 1, 3.91; Cure 2, 4.82; 
Rubber 100; Sulfur 8. 


of sunlight. The changes which were recorded are shown in Fig. 5, which also 
shows the changes of a rubber-sulfur sample when aged under similar conditions. 
It will be seen how very slowly the accelerated mixing aged at ordinary tempera- 
tures, although it had been extracted with acetone. The rubber-sulfur sample 
increased in weight more in one month than the cure 2 accelerated sample did in 13 
months. A comparison of the results in Fig. 5 with those of the same samples when 
oxidized at 70° C. shows that the curves deviate more from each other at ordinary 
temperatures than at 70° C., indicating that the higher temperature tended toward 
an evening-up of the rates of oxidation. 
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(2.) Effect of Aging in Sunlight in Glass Vessels 

Similar acetone-extracted samples of the diphenylguanidine mixing were exposed 
in glass vessels to summer sunlight, the daily exposure usually being from 8 A. M. 
to5p.m. The samples were shaken from time to time to permit uniform exposure. 

The results given in Fig. 6 indicate by comparison with those in Fig. 5 that the 
differences between the accelerated and rubber-sulfur samples when oxidized 
in sunlight are much smaller. The sunlight, therefore, in conjunction with the 
heating induced, produces an effect in this respect of the same order as the use of a 
higher temperature of, say, 70° C. 

A comparison of the results of oxidation at 70° C. with those obtained by exposure 
to sunlight shows that for the same time interval the increases in weight were higher 
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Zinc Oxide. . 
D.P.G..... — 
for the samples exposed in sunlight than when oxidized at 70° C. The samples 
exposed outside gave much higher final increases in weight, the figure for the rubber- 
sulfur sample being of a similar order to that when the sample was stored at or- 
dinary temperatures, (cf. Fig. 5). It is probable that the final weight increases of 
samples exposed outside are higher than when oxidized at 70° C. because the volatile 
losses are not so great. 
The acetone extracts of the sunlight exposed samples were higher than at 70°C., 


but lower than at ordinary temperatures indoors, and the a — ratio 


increase in weight 
figures were also higher for the exposed samples, but lower than for the samples kept 
indoors. The acetone extracts of the accelerated samples reached very high figures 
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and within the range of experiment no maximum points in the curves were reached. 
The acetone extract ratios were also well maintained at high figures. The acetone 
extract curve for the rubber-sulfur sample shows a definite maximum, and during 
the flat part of the curve the figures are much higher than at 70°. It may be noted 
that after prolonged oxidation the acetone extract curve shows a gradual upward 
tendency, but the rate of increase was not sufficiently rapid to cause an increase in 
the extract ratio. 

It is concluded that although exposure outside in sunlight in glass vessels results 
in greater oxidation (as shown by the increases in weight) than at 70°, the extent 
of the change of acetone extract to insoluble matter is not as complete as at the 
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CURE :—5 MINS. RISE 


35 MINS.@ 40 18S. _| 
CURE 2'-S5MINS, RISE 
65 Mins.@40 


cure! 


ACETONE EXTRACT FORMED 
RUBBER-SULPHUR VLC, COBFF.4-32_0 


— 


100 200 300 400 500 600 700 800 900 1000 
EXPOSURE PERIOD IN HOURS 
Figure 6—Accelerated Mixing, Acetone-Extracted, Exposed in Sunlight 
Rubber 100; Sulfur 5; Zinc Oxide 5; Diphenylguanidine */,. 


Cc. SUMMARY OF RESULTS 


(1) Oxidation at ordinary temperatures in the dark proceeds very slowly for 
unextracted rubbers, but at quite a reasonable speed for extracted rubber-sulfur 
mixings. The rate of oxidation of accelerated mixings, even if acetone-extracted, is 


very slow. 
(2) The final increases in weight after long aging are higher at ordinary tempera- 


t 
tures than at 70° C. and the amount of acetone extract and the - ——_ — 
increase in weight 


ratios are also very much higher. 


= 
‘ae 
| 
40 ii 


238 


(3) Storage in a moist atmosphere retards the oxidation in comparison with 
storage in a dry atmosphere, but the relative rates of oxidation in the two media are 
dependent on the rubbers under consideration. With slowly oxidizing samples, the 
lower the degree of cure the less the difference in oxidation rates, but with fast 
oxidizing rubbers the difference in rates of oxidation in the two media is less if the 
degree of cure is higher. The amount of acetone extract formed is less during 
storage in a moist atmosphere than in a dry one. 


(4) The acetone extract curves show definite maxima due to the change of the 
extract to.insoluble matter, but the tendency for this change is small at atmospheric 
temperatures. 


(5) The effect of exposure in sunlight is to cause markedly lower acetone ex- 
tracts to be obtained than when the samples are stored indoors. Exposed in quartz 
tubes, the extent of the acetone extract change to insoluble matter is of the order 
of that at 70° in the dark, and the acetone extract curves are of a similar form. 
Exposed in glass vessels the degree of extract conversion is not so great as at 70° 
but very much greater than when the samples are stored indoors. Accelerated 
mixings exposed in sunlight give very high acetone extracts, indicating that the 
acetone extracts of such mixings have little tendency to pass into an insoluble form. 


[Translated from Kautschuk, Vol. 7, No. 1, pages 7-12, January, 1931.] 


The Protective Action of Some 
Antioxidants 


II. The Metal Halide Compounds of Some 
Protective Agents against Aging, with 
Special Reference to Aldol-Alpha- 
Naphthylamine 


F. Kirchhof 


HampBurc, GERMANY 


It has already been shown in a previous communication! that solutions of heavy 
metal chlorides in alcohol change to a greater or less degree the color of alcoholic 
solutions of certain antioxidants like aldol-a-naphthylamine (here called alda- 
mine for short), “Agerite Powder” and “Stabilite Alba” both in visible and in 
ultra-violet light. The present investigation, in which the behavior of aldamine in 
particular was studied,? attempts to explain this phenomenon, which is of impor- 
tance not only from the antioxidant point of view but because of the discoloration 
of rubber mixtures. 

Ninety-six per cent alcohol solutions of the following metal chlorides were made 
to react with a saturated (0.3%) aldamine solution in alcohol. Those compounds 
which immediately give an intense color reaction in visible light are shown in heavy 
type. 


AIC1;, AsCl;, AuCl;, CoCl;, CuCl, FeCl, FeCl, HgCh, MnCh, NiChk, PtCh, SbCl, 
SnCh, SnCh, TiCh, Ch, ZnCl. 


The reactions of ferric, cupric, auric, and platinum chloride give a cherry-red 
color when the concentration is low and an intense blue color at higher concentra- 
tions of the metallic chloride. However, the blue color is unstable, and after a 
short time changes to violet and then to cherry-red. 

While the four heavy metal] chlorides mentioned above cause the fluorescence of 
aldamine solutions in ultra-violet light to almost completely disappear, the fluo- 
rescence is only slightly affected in the case of the other metal chlorides with the ex- 
ception of antimony chloride, which gives with aldamine a yellowish white pre- 
cipitate. From the cherry-red solutions of aldamine with cupric and ferric chlo- 
rides, chocolate- and coffee-brown precipitates separate upon longer standing. 
These retain their dark color even after repeated washing with alcohol, and have a 
high copper and iron content. For the most part they dissolve with an intense 
yellow-brown color in benzene. 

Next a study was made of whether the metal chlorides mentioned above react in 
stochiometrical proportions with aldamine. To this end, suspensions of aldamine 
in alcohol with an excess of ferric chloride and cupric chloride in alcohol were 
prepared and left to react for twenty-four hours, with repeated agitation. In this 
way the dark brown residue mentioned above was formed, and this was dried after 
washing with cold and hot alcohol. Analysis gave the following: 

(a) Iron Compounds. 


-B- 


240 


1. Precipitate from the FeCl; solution: 0.319 g. yielded 0.016 g. Fe.O3, corre- 
sponding to 3.6% Fe. 
The residue from the action of excess FeCl; solution on excess aldamine: 0.5 
g. residue oxidized with HNO; and ignited gave 0.022 g. Fe.Os, conrenponding 
to 3.08% Fe. 0.502 g. residue ignited directly gave 0.022 g. Fe.Os, corre 
sponding to 3.08% Fe. 
Chocolate-brown residue, treated with dilute HCl. Orange-red solution, 
corresponding to 0.388 g. solid substance, yielded upon precipitation 0.04 g. 
Fe.O3, corresponding to 7.2% Fe. The pale brick-red residue from the HCl 
treatment of the original substance contained only traces of Fe. 


The chocolate-brown residue formed from the treatment of undissolved alda- 
mine with excess ferric chloride is therefore an adsorption compound of.the cherry- 
red aldamine-iron solution, with undissolved aldamine. 

(b) Copper Compounds. 


Ignition of the copper compounds which are similar to the iron compounds gave 
very variable results, because of the great volatility of the adsorbed CuCh. In 
later experiments the substances to be tested were, therefore, boiled with dilute 
ammonia, and the filtered solutions were examined colorimetrically (Dubosc 
colorimeter). 


1. The coffee-brown residue obtained from excess aldamine with excess CuCh, 
ies = cold alcohol: 1.003 g. yielded 0.1175 g. Cu, corresponding to 
11.75% Cu 

2. The yellow-brown substance washed with hot alcohol: 0.865 g. yielded 0.024 
g. Cu, corresponding to 4. 9% Cu. 

3. The residue remaining from ge with ammonia: 0.756 g. yielded 0.0064 
g. Cu, corresponding to 0.83% C 


We can assume that these + area which contain copper and which vary 
from coffee-brown to ochre-yellow are adsorption compounds of the cherry-red 


soluble copper compounds with solid aldamine. 
(c) Titration Experiments. 


Since a determination of the stoichiometric proportions was not possible by gravi- 
metric methods, titration experiments were carried out with alcoholic FeCl; and 
CuCl, solutions at various concentrations. The end point of the reactions was 
taken as the non-appearance of the blue or red-violet rings which are formed with 
each individual drop of the metal chloride. 10 cc. saturated alcoholic aldamine 
solution (corresponding to 0.03 g. aldamine) was titrated with the corresponding 
alcoholic metal chloride solution. 


1. 10 cc. aldamine solution consumed the following quantities of a FeCl; solution 
with 0.0068 g. Fe per cc.: 6.0, 6.1 cc., corresponding to 0.00408 g. Fe or 2 
mols. aldamine to 1 atom of Fe. This ratio was again found upon checking 
the FeCl; concentration above. 

In using concentrated FeCl;-solutions the end point of the titration was found 
at a higher Fe content. 10 cc. aldamine solution required with a content of 
0.00345 g. Fe perce.: FeCl; 3.4 cc. = 0.01173 g. Fe, corresponding to 2 mols. 
aldamine to 3 atoms Fe. 

This relation was also found on titrating in ultra-violet light until the dis- 
appearance of the intense sky-blue fluorescence of the aldamine solution. 
10 cc. aldamine solution (0.033 g.) required 0.7 cc. of a 5% FeCl; solution = 
0.012 g. ag This corresponds to 21 g. aldamine (1 mol.) = 76.6 Fe or almost 
1.5 atoms Fe. 


Similar relations were found in the titration of CuCh. 


1. Titration in ultra-violet light until the marked fluorescence disappeared. 10 
ce. required 10 cc. of a 2% CuCk, solution, corresponding to 1Cu to 1 mol. of 
aldamine (see Formula III). 

. In titrating a 1% CuCk, solution, twice the quantity of the latter was required. 

. . Titration in daylight. 10 cc. aldamine solution required 7 cc. CuCl, solution 
(1 cc. = 0.0056 g. CuCl, solution) or 0.0392 g. CuCh, 7. e., almost 2CuCl, to 
1 aldamine (see Formula IV). 
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These results show that the color reactions mentioned above are based on stoichio- 
metric proportions which depend on the concentration of the metal halide solution. 


. 


Experiment to Explain the Preceding Results 


As is known, aldol-a-naphthylamine is a condensation product of a-naphthyla- 
mine with acetaldol and has the following formula: 


CH; 


In aqueous solutions Re: he gives a sky-blue precipitate with oxidiz- 
ing substances like ferric chloride, zinc chloride, silver nitrate or chromic acid, 
which soon turns purple and then yellow-brown in the air. This is assumed to be 
oxynaphthamine, with the formula CiH»NO.* 
The color reactions of aldol-a-naphthylamine mentioned are not identical with 
this reaction of a-naphthylamine 
since cleavage of the complex iron 
or copper compounds present in 
alcoholic solution was caused by 
water or dilute alkalies, with forma- 
tion first of a blue-violet flocculent 
precipitate which becomes yellow- 
brown in the air. The precipitates 
thus obtained proved to be prac- 
tically free of metal, and are prob- 
ably similarly constituted to oxy- 

naphthamine. Since the color reac- - 

tions described above apply only to 

the chlorides of the highest state of 

oxidation, and since the correspond- 

ing chlorides of a low degree of 

oxidation do not give the reaction, 

the more loosely combined halogen 

atom of the compounds of the higher Jugure Fara Rubber Containing 
degree of oxidation plays the essential pared by Evaporation of a Solution of Rubber 


: ° Benzene. The Antioxidant for the Most 
part in the color reactions. Part Again Crystallized Out. Magnification 


A color reaction similar to that of 2bout 140 Times 
the metal chloride described is pro- 
duced by free halogen (for example, bromine in carbon tetrachloride), where the deep 
indigo color which appears immediately changes soon to violet, then to cherry-red, 
and finally to yellow-brown. With ferric and cupric chlorides, this bromine addition 
compound gives no color reaction, so that one is justified in assuming that the place 
where the metal halide combines, that is, the actual color reaction, is the double 
bond between the N-atom and the CH-group. Since, on the other hand, the cherry- 
red aldamine-ferric and cupric chloride compounds are decomposed even by small 
quantities of hydrochloric acid to yellow-brown, in the former case only unstable 
compounds between the two components are concerned. 

Finally, if one takes into account the fact that the quantity of the aldamine 
double compound formed varies with the concentration of the metal chloride, it 
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must be assumed that the nitrogen atom in this compound does not always have 
the same valence. Assuming that a primary valence corresponds to two partial 
valences and that the N-atom which participates in the reaction utilizes all its 4- 
valence capacity, the following formulas (I-IV) may be assigned to the red and blue 
ferric-chloride and cupric-chloride aldamine solutions, 


| | | H 
-N—C—CH;—CHOH.CH, 


| 


C—CH,—CHOH.CH; 


7 


1 
.CH; 
H 


I II 


Cherry-red solution (3-valence N) from Blue-violet solution (4-valence N) from 
low FeCl; concentration, stable. high FeCl; concentration, unstable. 


H H 
N—¢—CH-CHOH .CH; 

fl 


CuCl 
III 
Cherry-red solution (3-valence N), stable. Blue solution (4-valence N), unstable. 


The formulas above remind one of the haemin formula of the red-blood pigment 
like that proposed by Willstatter and Kiister.* Here, too, there is a ferric chloride 
group united in part by the primary and in part by the partial valences of the iron 
atom to the tertiary nitrogen atom of pyrrol and pyrrolene rings, as is shown dia- 
grammatically in Formula V. 

UN: 


Scheme of union of the ferric chloride group in haemin, according to 
the formula of Willstatter and Kiister. 
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That characteristic compounds are concerned in the intensely colored metal 
halide compounds of aldamine and certain other antioxidants is evident from their 
spectroscopic behavior. These solutions absorb all visible light up to a bright 
band in the red and orange, which is between 560 and 680 uy of the visible spectrum. 
Hydrochloric acid solutions of haemin also show a similar band, together with a 
second band in the green, so that the absorption limits above are possibly char- 
acteristic of the ferric chloride and of the cupric chloride groups.5 These observa- 
tions are reproduced in Table I and in diagrams 4 to 7. 


miquee 2—Rubber Film Containing 10% Figure 3—Para Rubber Film Containing 10% 
Aldol-a-Naphthylamine. Otherwise Sameas Stabilite Alba. Otherwise the Same as in Fig- 
Figure 1 ures l and 2. Here, However, the Antioxidant 
ay for the Most Part, Remained Dissolved 
nt 


i e Rubber 


TABLE I 


Location of Bright Band in Red and Orange 
* Direct Observation by Photographed on 
Compound Hand Spectroscope (Zeiss) Ortho-Isodux Plate® 


Aldamine-iron 

Aldamine-copper 

Aldamine-copper + HCl . 
Aldamine-bromine (yellow solution) 
Aldamine-bromine (blue and red solution) 
Stabilite Alba-copper solution) 
Stabilite Alba-copper (red solution) 
Haemin + alcohol. HCl 


On the basis of previously established analogies between the blood-red ferric 
and cupric halide compounds of aldamine, as well as of Stabilite Alba, on the one 
hand, and of haemin in hydrochloric acid on the other, one would appear justified 
in expecting still further similarity between these compounds. In this connec- 
tion the behavior in ultra-violet light, which has already been referred to, is of 
particular interest. The ultra-violet fluorescence of all these metal halide com- 
pounds is very feeble in comparison with that of the original substance, and the 
colors change very greatly. These observations may be found in summary form in 
Table II. 


570-680 540-580 
70-680 540-590 uu 
530-590 
550-680 
500-670 uu 
570-680 np 
520-680 
70-680 540-590 uu 
5 540-590 uu 
560-680 up 
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TABLE II 


FLUORESCENT COLORS OF THE METAL HALIDE COMPOUNDS OF ALDAMINE AND STABILITE 
ALBA IN ALCOHOLIC SOLUTION IN ULTRA-VIOLET LIGHT 


Aldol-a-naphthylamine: intense sky-blue 

Aldol-a-naphthylamine + FeCl: very pale violet 
Aldol-a-naphthylamine + CuChk: pale yellow-green 
Aldol-a-naphthylamine + CuCl, + HCl: pale greenish brown 
Aldol-a-naphthylamine + bromine (red solution): pale dark violet 
Aldol-a-naphthylamine + bromine (yellow solution): pale gray-violet 
Stabilite Alba: intense violet 

Stabilite Alba + FeCl: pale dark violet 

Stabilite Alba + CuCl: pale yellowish green 

Stabilite Alba + CuCl, + HCl: pale greenish brown 

Stabilite Alba Bromine (colored solution): pale brown ; 
Haemin + HCl in alcohol: pale reddish brown (very characteristic) 


From the behavior described above, the conclusion may be drawn that the 
source of the strong ultra-violet fluorescence is to be sought in the double bond of 


Figure 4—Absorption Spectrum of a 0.3% Aldamine-Ferric 
Chloride Solution (Carmine-Red) 


the N-CH groups. By the addition of halide or metal halide and by the union of 
ferric chloride and cupric chloride groups, this property is lost as a result of changes 
in the compound and the resulting changes in the absorptive capacity. 


Figure 5—Absorption Spectrum of a 0.3% Aldamine-Cupric 
Chloride Solution (Carmine-Red) - 


Furthermore, it was probable that the action of iron in the haemin group in trans- 
porting oxygen also took place with the metal halide compounds of aldamine and 
Stabilite Alba. Further investigations have since confirmed this assumption. 
Thus an aldamine solution which had been made pale rose by 0.01 g. of ferric chlo- 
ride became a deep blood-red color after passing pure oxygen through it for several 
hours, whereas the aldamine control solution was a very pale yellowish color. 
Moreover, it showed that the oxygen-transporting action of copper halide com- 
pounds was many times greater than that of the corresponding iron compounds. 
Thus after oxygen had been passed through such solutions for 0.5 hr. with 1% cupric 
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chloride (based on the solid substance), a distinct turbidity appeared in the case 
of aldamine, and an intense carmine color with Stabilite Alba, as a result of the 
formation of insoluble oxidation products. After 48 hours’ passage of the oxygen, 
about 50% of the dissolved substance in the aldamine solution separated out as a 
chocolate-brown precipitate. This contained only a small quantity of combined 
copper, while the chief part of the added cupric chloride complex remained in 
solution. After passing oxygen through an aldamine solution containing 4% 
ferric chloride for 64 hours, it became an intense carmine-red color, but it no longer 
showed a perceptible quantity of insoluble oxidation products. 


Figure 6—Absorption Spectrum of a 10% Stabilite-Cupric 
Chioride Solution (Carmine-Red) ” 


Just as the autodxidation of these antioxidants is accelerated greatly by their 
complex ferric halide and especially by their cupric halide compounds, in the same 
way the autodxidation of antioxidants can be inhibited by the addition of catalytic 
poisons. Thus in the experiment above with 25 cc. of Stabilite Alba cupric chloride 
solution, 1 cc. of 0.1 N hydrocyanic acid solution was sufficient to retard 
greatly the appearance of the carmine-red color upon the passage of oxygen and 
to suppress greatly its intensity in comparison with the unpoisoned solution. 


Figure of a 1% Solution of 


Haemin in Hydrochloric Acid 


Behavior of Agerite Powder and Stabilite Alba with Metal Chlorides 


The behavior of this already known antioxidant with alcoholic solutions of ferric 
and cupric chlorides still remained to be tested. 

Agerite Powder (phenyl-§-naphthylamine) gives no immediate color reaction 
with these chlorides. Only on prolonged standing of this solution in the air did a 
brown color appear, as a result of oxidation. This behavior is probably explained 
by the greater stability of 8-naphthylamine toward oxidizing agents, and conse- 
quently toward catalyzers of oxidation. It is of interest that on titrating 10 cc. 


“ wr 
‘ 
a 


246 


of a 1% Agerite solution with ferric chloride in ultra-violet light 4.4 ce. of 5% ferric 
chloride solution are necessary to cause the disappearance of the violet fluo- 
rescence, which quantity corresponds roughly to 2 mols. ferric chloride for each 
mol. of Agerite. 

Stabilite Alba (ethylenediphenyldiamine) gives no immediate color reaction 
with ferric chloride. After standing about 24 hours, especially in light, a carmine- 
red color appears. With cupric chloride, on the contrary, a yellow to yellowish 
brown color appears immediately, which after a short time (about 0.5 hr.) changes 
to a deep carmine-red. The carmine-red solutions produced by ferric and cupric 
chlorides show similar spectral properties and are not changed by the addition of 
hydrochloric acid, in contrast to the colors of aldamine compounds. In titrating in 
ultra-violet light with ferric chloride and cupric chloride solutions, only 0.5 mol. 
of the metal halide per mol. of Stabilite is required to destroy the strong fluo- 
rescence. Based on the similar absorption spectrum of these metal halide compounds 
with those already mentioned, it is almost reasonable to assume in them similar 
ferric chloride and cupric chloride complexes as the cause of the coloration. The 
corresponding iron compound would then be represented by Formula VI, where the 
stability to hydrochloric acid appears to result from the formation of high valences. 


ClFe 


VI 


Summary 


The results described in the present paper can be summarized as follows: 

1. Certain antioxidants containing nitrogen, like aldol-a-naphthylamine and 
Stabilite Alba, give in alcoholic solution with higher halides of certain metals, 
especially those of iron and copper, unstable intense blue-violet as well as stable 
carmine-red colorations, which may be regarded as more or less stable complex 
compounds of these antioxidants. A series of other heavy metal halides of which 
similar behavior would be expected (for example, SnCl,, CoCls, etc.) give no color 
reactions of this kind. , 

2. Both the chemical and the optical behavior of these colored solutions indi- 
cate that they contain complexes of ferric chloride and cupric chloride groups at- 
tached to tertiary nitrogen, as in the haemin of blood pigment. 

3. Of the antioxidants studied here, aldol-a-naphthylamine reacts quickest 
with the metal halides named above, Agerite the slowest and Stabilite Alba some- 
where between the two. The reaction with cupric chloride occurs in every case 
much more rapidly than that with ferric chloride. It is obvious that this behavior 
might be utilized to distinguish analytically small quantities of these substances. 

4. The complex metal halide compounds show strong oxygen-transporting 
action, as does the haemin of the blood, which contains iron. This is many times 
greater with the compounds of antioxidants which contain copper than with those 
which contain iron compounds, and this agrees with the similar behavior of com- 
pounds of these metals with rubber, as has long been known. 

5. Since the antioxidants are oxidized in the course of time, as the result of 
autodxidation, they protect an auto6xidizable substance like rubber only so long as 
they are not rendered inactive. Since traces of soluble heavy metal compounds, 
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especially of iron, are invariably present in rubber compounding ingredients, it 
can be understood why rubber mixtures containing protective agents are more or 
less strongly and more or less rapidly discolored as a result of the formation of 
dark-colored metal complex compounds and their oxidation products. 

6. Finally it was possible to show that the complex metal halide compounds 
of the antioxidants studied are remarkably sensitive toward certain catalytic poisons 
such as hydrocyanic acid, in quite an analogous fashion to known biological oxygen 
carriers. It is entirely possible that this phenomenon may also be of significance in 
the use of protective agents in technical rubber mixtures. 

It is a pleasant duty to thank the technical management of the Harburg Gum- 
miwerke A.-G. “Phoenix,” in whose laboratory I was enabled to carry out the ac- 
companying work, for their permission to publish this paper. 


References 


1 Kautschuk, 6, 119 (1930), as well as diagrams 1-3 in this article. 

2 This product is not identical with ‘‘Agerite Resin’’ of the R. T. Vanderbilt Co., which also con- 
tains aldol-a-naphthylamine. 

3 See, for example, ‘“‘Meyer-Jacobson,”’ II, 350. 

4 Pummerer, “Organische Chemie,” 1921, page 158. 

5 There are organisms which contain copper combined in complex form in their oxidation system. 

6 Because of the slight sensitivity to red of the plates used, the bright band appears to be dis- 
placed toward the shorter wave lengths. 


= 


[Reprinted from Industrial and Engineering Chemistry, Vol. 23, No. 3, 
page 294. March, 1931.) 


Reenforcing Action of 
Pigment Mixtures 
on Rubber Com- 

pounds’ 


D. J. Beaver and J. W. MacKay 
Generat ATLAS CARBON Company, LINDEN, N. J. 


Data are presented which indicate that mixtures of 
varying ratios of either channel black or a soft carbon 
black with whiting, lithopone, or clay show additive 
physical properties. Mixtures of soft carbon with 
zinc oxide also show additive properties, while mixtures 
of channel black and zinc oxide show poorer resistance 
to abrasion, higher modulus, and higher tensile 
strength than would be shown by purely additive 
mixtures. 

The explanation of these results appears to be found 
in the chemical reaction between the basic zinc oxide 
and the acidic compounds in the rubber or on the black. 
These results have been applied to the formulation of a 
solid tire stock which will give a better resistance to 
abrasion and blow-out when using a soft black than 
when using a channel black. 


LTHOUGH a large amount of work has been done on 
the reénforcing action of different pigments in rubber 
compounds, very little has been published on the effect 

of pigment mixtures. 

In 1928 Pohle (4) claimed that it was possible to change 
the stress-strain curve from convex to concave by the addition 
of small amounts of particles of different size to a given filler. 
However, he gave no experimental evidence showing the 
relationship of particle sizes or of the magnitude of the effect. 

In 1922 Greider (2) found that when using 9 volumes of 

' Received September 20, 1930. Presented before the Division of 


Rubber Chemistry at the 80th Meeting of the American Chemical Society, 
Cincinnati, Ohio, September 8 to 12, 1930. 
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pigment to 100 volumes of rubber the maximum tensile was 
obtained with a mixture containing 6 volumes of channel 
black and 3 volumes of magnesium carbonate, while the 
modulus at 300 per cent elongation and the permanent set 
did not show this maximum, being merely additive. All 
the properties of mixtures of other pigments, such as zinc 
oxide, clay, and barytes, with basic magnesium carbonate 
were found to be additive also. 

Dawson (1) studied the effect of mixtures of clay and zinc 
with channel black using a loading of 9 volumes of filler to 
100 volumes of rubber (1926). The results are rather in- 
conclusive, since the zinc oxide-channel black mixtures show a 
higher modulus at 300 per cent elongation, lower tensile 
strength, and hardness, while the clay-channel black mix- 
tures show a lower modulus, lower tensile strength, and 
higher hardness than would be expected from additive proper- 
ties. These results are in agreement with those obtained in 
cement and paint mixtures, where it has been found that by 
properly proportioning particles of different sizes much better 
properties can be obtained than by the use of one size only. 
However, if pigments have a chemical effect on each other 
or upon the dispersing medium, it is possible that these second- 
ary effects will mask the purely physical effect of mixtures. 

Grenquist (3) has shown (1928 and 1929) that zine oxide 
decreases the dispersion of channel black in rubber, the larger 
the amount of zinc oxide the greater its effect on the black 
owing to “the chemically active zinc oxide changing the acidity 
of the rubber during vulcanization and thus affecting the degree 
of wetting of the inactive carbon by the rubber.” 

In order to determine which of the above two theories is 
correct, a set of experiments was made with two different 
types of carbon black with an alkaline filler, such as zinc 
oxide, and with neutral fillers, such as lithopone and whiting, 
and with an acid filler, such as clay. As was pointed out by 
Grenquist (3) standard channel black absorbs a considerable 
amount of alkali but its absorption of acid is practically nil. 
This would indicate that the flocculating effect of zinc oxide 
might be due to a reaction with the acidic compounds on the 
black. 

In order to test this point, a comparison was made between 
a low and a high acid black, such as a channel black, with 
the above-named fillers, using a constant loading of 20 vol- 
umes of pigment to 100 volumes of rubber. A sufficient 
number of mixtures was prepared from each pair of pigments 
to determine accurately the shape of the curve between the 
single components. This procedure necessitated the use of a 
larger number of points with mixtures showing non-additive 
properties than with those that did. 


Experimental 


The pigments used in these experiments were standard 
grades used in the rubber trade. The channel black adsorbed 
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or reacted with 1.5 cc. more of 0.1 N sodium hydroxide than 
with 0.1 N sulfuric acid, while the high-modulus soft black 
(Gastex) adsorbed only 0.38 cc. more. The lithopone and 
whiting adsorbed equal amounts of acid and alkali, the clay 
adsorbed 1.0 cc. excess of alkali, and the zinc oxide adsorbed 
an excess of acid, the amount depending on the time of re- 
action. 

All the tests were made from a large batch of thoroughly 
masticated rubber by adding the pigments and other in- 
gredients, except sulfur, in master batches. In each series a 
large batch of black and of filler stock was prepared, and 
these two batches were mixed in proper ratios to give the 
required mixture of black and filler, the sulfur being added 
to these final batches. All samples were cured in molds in 
a paraffin bath held at 140° C. by means of a sensitive ther- 
mostatic regulator. After curing, the samples were allowed 
to rest for one day and the stress-strain data were obtained on 
an automatic Scott testing machine. The abrasion data were 
determined on a Williams abrading machine, using a separate 
sheet of abraston paper for each series of tests. Therefore, 
in order to make an accurate comparison of the different 
series, it was necessary to re-run all the carbon black stocks 


on one sheet of paper and then to calculate the data for each - 


series to this common basis. The stocks were not aged in 
constant-temperature or humidity cabinets before testing, 
but each series had a soft-black and a channel-black stock as a 
control. 

The time of cure was taken as 15 minutes ahead of the time 
required to reach the maximum modulus values. 


Results 


In Figures 1, 2, 3, and 4 are summarized the data obtained 
in the tests with the two types of carbon black and the four 
filler pigments using the following test formula: smoked 
sheets, 100; zinc oxide, 5; sulfur, 3; Laurex, 4; No. 808, 1; 
pigment, 20 volumes per 100 volumes of rubber. 

The curves in these figures have the following designations: 


A,B,C = soft black 
A’',B’,C’ = channel black 
A,A‘ = ultimate tensile strength 
B,B’ = abrasion loss 
C,C’ = modulus at 400 per cent elongation 


An inspection of these data suggests that the properties 
of the mixtures of channel black or of soft black are additive 
with clay, lithopone, and whiting. In every case the modu- 
lus, tensile, and abrasion curves are very nearly straight 
lines, showing that the physical effects of these pigments are 


additive. It can be concluded from these six mixtures that 


the packing effect of pigments of different particle sizes is 
very small, if not entirely absent, in rubber compounds. 

In the zinc oxide-carbon black mixtures the modulus 
and tensile curves show that the soft carbon mixtures have 
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additive properties while the channel-black curves show a 
_ distinct curvature, with the intermediate points lying above 
the straight line joining the two base mixtures. The abra- 
sion curves of these two blacks with zinc oxide show that the 
soft black has additive properties while the channel black 
shows a more rapid decrease in the resistance to abrasion 
than would be expected from purely additive properties. The 
data given in Figure 4 indicate that the resistance to abrasion 
of the soft black-zinc oxide mixture at the 50-50 ratio is 
approximately equal to that of the channel black—zinc oxide 
mixture, while for lower percentages of black it is slightly 
better. This difference is probably due to the reaction be- 
tween the zinc oxide and the acidic compounds present in the 
rubber or on the black causing the medium to become more 


Figure 5—Results of Pounding Tests on Solid Tire Stocks 


alkaline. As shown by Grenquist (3), this change in acidity 
causes a decrease in the dispersion of the channel black while, 
because of the lack of acidity of the soft black or because it is 
less sensitive to a change in acidity of the rubber, its disper- 
sion is not affected so much. This explanation is in partial 
agreement with the results of Greider (2) with basic magnesium 
carbonate, since this pigment would have as much of a 
neutralizing effect on the acidity of the rubber as the 
zinc oxide and thus cause the channel black to flocculate. 
However, he found that only the tensile properties of the 
mixtures were not additive while in the present tests with 
zinc oxide, tensile, modulus, and abrasion resistance were 
non-additive. 

On the basis of this assumption, it is possible to offer an 
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explanation for the poor “blow-out”’ characteristics of solid- 
tire tread stocks containing channel black, because this type 
of stock contains high percentages of zinc oxide which would 
have a very strong flocculating effect on the channel black. 
Since the above results also indicate that zinc oxide does not 
have such a pronounced effect on the flocculation of the soft 
carbon black, it should be possible to prepare a solid-tire 
stock containing the usual amounts of zinc oxide and of soft 
black which would have a better resistance to abrasion than 
a similar stock containing channel black. 

A series of typical solid-tire stocks was prepared using 
channel black and a soft black to determine if such results 
could be obtained. These data, summarized in Table I, 
show that the soft carbon-black stock gives better resistance 
to abrasion than the channel-black stock, and that by sub- 
stituting part of the zinc with an equal volume of soft black 
a stock with considerable further improved resistance to 
abrasion can be obtained. 

In order to determine whether these stocks would be satis- 
factory for use in solid tires, they were subjected to a pounding 
test for one-half hour under a constant load. The results 
obtained in these tests are shown in Figure 5. These pictures 
show that stock 519, which contained the channel black, was 
very badly deteriorated in these tests, while the corresponding 
stock containing soft black was only slightly affected. By 
replacing part of the zinc oxide with an equal volume of soft 
black considerable improvement was obtained in resistance 
to “blow-out”’ as judged by this pounding test. 


Table I—Tests on Solid-Tire Stocks Containing Soft Black 
Base ForMvLA: 


Stock No. 519 520 523 524 
Channel black 25 
Soft black a 25 33 41 
Zinc oxide 150 150 125 100 
odulus at 400% elongation, kg. per sq. cm. 94 91 130 148 
Tensile at break, kg. per sq. cm. 158 130 144 160 
Per cent elongation at break 540 500 430 420 
Abrasion loss, cc. per kw-hr. 600 570 500 440 
Increased resistance to abrasion, % ay 5 21 35 
Durometer hardness 73 71 75 75 
Compressibility, %: 
4.25 kg. per sq. cm. 2.77 4.88 3.29 3.30 
6.35 kg. per sq. cm. 4.45 6.12 4.65 4.93 


Cure, 80 minutes at 140° C., which was the time required to reach maxi- 
mum tensile. 


Conclusion 


Mixtures of varying ratios of either channel black or a 
soft carbon black with whiting, lithopone, or clay show addi- 
tive physical properties. Mixtures of soft carbon with zinc 
oxide also show additive properties, while mixtures of channel 
black and zine oxide show poorer resistance to abrasion, 
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higher modulus, and higher tensile strength than would be 
shown by purely additive mixtures. 

The explanation of these results appears to be found in the 
chemical reaction between the basic zinc oxide and the acidic 
compounds in the rubber or on the black. These results 
have been applied to the formulation of a solid-tire stock 
which will give a better resistance to abrasion and blow-out 
when using a soft black than when using a channel black. 
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Hard Spots in Vulcanized 
Rubber Compounds’ 


J. H. Howey 


FIRESTONE TirRE & RUBBER CoMPANY, AKRON, OHIO 


The cause of local variations in the hardness of ex- 
perimental slabs of carbon-black tread stocks at differ- 
ent points on the same slab has been investigated. 
It has been found that areas of excessive hardness 
correspond to regions where the maximum flow or 
displacement occurred in the rubber when the stock 
was pressed into the mold at the time of cure. A 
knowledge of this fact is of importance in testing the 


hardness of a stock according to the A.S.T.M. standard | 


of hardness, increasing the precision and reliability 
of this convenient test. 

It has been shown that these variations in hardness 
cannot be attributed to non-uniform regions in the 
rubber-pigment-sulfur-accelerator mixture, and it is 
concluded that they must be due either to altered 
conditions of dispersion in the regions of maximum 
displacement or to a local grain effect set up by the flow. 


ARDNESS, as defined by the A.S.T.M. standard 
(D314-29T), is that property by virtue of which 
the surface and adjoining layers of the material 

resist indentation by a spherical penetrator of standard size 
under a definite pressure. Of all the properties of rubber 
stocks that are measured in order to determine their suita- 
bility for specified uses, hardness can be measured most 
conveniently and most quickly. Hardness measurements 
can be made on almost any type of finished product without 
affecting the salability of the particular piece on which the 
test is made, as well as on special test pieces. The meas- 
uring apparatus is portable and inexpensive. The hardness 
of a particular test piece can be measured in less than '/1 
minute by a practiced operator, which is of especial ad- 
vantage in factory control work. The chief disadvantage 
in the use of hardness readings has been that they character- 
istically exhibit a rather wide spread of values between 
different readings on thesame sample. Any means of reducing 
this spread in values—that is, of increasing the precision of 
the reading—is of great importance, since it makes it pos- 

1 Received September 20, 1930. Presented before the Division of 


Rubber Chemistry at the 80th Meeting of the American Chemical Society, 
Cincinnati, Ohio, September 8 to 12, 1930. 
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sible to rely more on hardness tests and thus take advan- 
tage of their conveniences. 

It had been noticed for some time that experimental test 
slabs showed a wider spread in the individual readings 
on a given sample than did factory-cured tires of the same 
stock. Observations on the hardness of the tread of cured 
tires of a particular carbon-black stock would lie constantly 
between 50 and 55, whereas the readings on a laboratory 
test slab of the same stock would frequently lie anywhere 
between 45 and 55. These slabs were 1.91 X 3.81 X 12.7 
em. (0.75 X 1.5 X 5 inches) and the measurements were 
made by a Firestone penetrometer calibrated according to 
the A.S. T. M. standard cited above. The penetrometer 
reading is the depth of penetration of the point in thou- 
sandths of an inch, so that smaller readings indicate harder 
stocks. The readings, which were observed at regularly 
spaced intervals on the face of a typical slab, are given in 
Figure 1. The readings occupy the same relative positions 
in the figure as did the points of observation on the face 
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Figure 1—Hardness R on Test Slab of Carbon-Black 
Stock in Frame Mold 


of the slab. It will be noticed that, except for three 
localized areas, all the readings lie between 54 and 58. 
In the small areas enclosed in the dotted lines the stock was 
markedly harder and penetrometer readings as low as 49 were 
found. On other slabs the hardness seemed to increase some- 
what uniformly in going from one end of the slab to the other. 

For those accustomed to measuring hardness by the Shore 
durometer, the readings in Figure 1 are converted to the 
corresponding durometer values in Table I. The greater 
sensitivity of the penetrometer for stocks of this hardness has 
made it easier to detect these variations with certainty. 

It is obvious that such data lead to a possibly incorrect 
determination of the hardness of the stock. Moreover, such 
marked variation, if its cause were unknown, would soon 
unnecessarily destroy all confidence in the hardness test. The 
cause of these variations in hardness was the more elusive be- 
cause their absence was no guarantee that they would not 
crop out in another slab prepared and cured in apparently 
the same way. 
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Table I—Shore Durometer Readings Equivalent to Firestone 
Penetrometer Readings in Figure 1 


PENETROMETER DuROMETER 
ING READING 
Normal regions { 5 
Hardest region 49 60.5 
Total spread 9 5.5 


The work to be described was undertaken to determine 
what was responsible for these observed results, and to im- 
prove, if possible, the precision of hardness readings on the 
laboratory test slabs. Incidentally the work has involved 
some questions of theoretical interest. 


_ Experimental Procedure 


In seeking the cause of a variation in the physical proper- 
ties of a piece of compounded rubber, it was natural to look 
first for some non-uniformity in the mixture. Chemical 
analyses of .portions of the slabs cut from regions that dif- 
fered in hardness and determination of the specific gravity of 
the different parts did not show up any corresponding varia- 
tion in the mixture. Inasmuch as factory-cured tires did 
not exhibit such large variations in hardness as did the ex- 
perimental slabs of the same stock, and since it was certain 
that the laboratory stock was mixed at least as well as the 
factory stock, the cause of the variations was next sought in 
the procedure of curing. 

It did not’seem possible that variations in the hardness 
could be due to the temperature distribution, since the varia- 
tions were found to be spasmodic in slabs cured in the same 
position in the autoclave. Accordingly, the amount and 
distribution of the internal flow in the different parts of the 
slab which must occur when the slab is pressed into the mold 
were investigated, in the belief that such flow might affect 
the physical properties of the compound. Ordinarily, in 
preparing the stock for curing the experimental slabs, more 
than enough uncured stock is put in to insure complete filling 
out of the mold; this, in addition to the fact that the stock 
expands considerably on being heated, causes an overflow. 
Since frame molds were used, the overflow was sometimes 
greater at one end of the slab than at another, and sometimes 
was localized owing to slightly battered or uneven places 
where the mold fitted together. 

In order to determine the exact manner in which this in- 
ternal flow had taken place, slabs of stock were built up by 
placing thin layers of white stock between thicker layers of 
black stock, so that the white layers were even and uniform 
before the slab was pressed in the mold. The stock on which 
these tests were made contained 43 parts by weight of car- 
bon black and 2.8 parts of sulfur on 100 parts of smoked- 
sheet rubber. Captax accelerator was used. After these 
slabs had been cured, penetrometer readings were taken over 
both faces and the slabs were then cut open. From the dis- 
placement of the white layers it was possible to tell in what 
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parts of the slab there had been a displacement of the rubber 


_ when the slab was pressed into the mold. This procedure is 


illustrated in Figure 2. The penetrometer readings on this 
particular slab had been found to lie between 55 and 58 at 
all points tested on both faces, except at A and B, where the 
readings were 52 and 53, respectively. It can be seen that 
the displacement or internal flow was definitely localized at 
the points of the slab that were found to be much harder 
than the rest of the slab. 

Other slabs exhibited the same correlation between ab- 
normally hard regions and the regions of maximum flow. 
This correlation was most conclusively demonstrated, how- 


= 


Figure 2—Illustration of Displacement or Internal Flow in 
Rubber Slabs 


ever, by using a special mold cover having a small vent hole 
(0.238 cm. in diameter) so that the overflow would take place 
through this vent, which was located at the center of one of. 
the faces of the slab. Slabs were built up with thin white 
layers evenly spaced as before and cured inthis mold. Photo- 
graphs of sections of slabs cured in this mold are shown in 
Figure 3. The portion of the slab from which the cross sec- 
tion was cut is shown by the dotted line on the drawing. It 
can be seen that the flow of rubber took place from the interior 
of the slab out through the overflow hole. The surface of the 
slabs immediately surrounding this spot within a radius of a 
— had been found to be harder than the rest of the 
ab. 
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Penetrometer readings taken at different points of a typical 
slab cured in this manner are given in Figure 4. Slabs giving 
equally convincing observations could be produced repeat- 
edly, using this stock, if the amount of overflow was adjusted 
so that considerable overflow took place through the vent 
hole but not elsewhere. 

It is therefore evident that, in order to secure the greatest 
possible precision in making hardness tests and to avoid the 
possibility of misleading results, the hardness of carbon-black 
stocks should be measured on surfaces that are not near over- 
flow vents. Test slabs should be cured in cavity molds, and 
the hardness readings should be made on the side of the slab 
that was in the bottom of the cavity. 


Figure 3—Illustration of Internal Flow in Slabs Cured 
in Mold Having Vent Hole 


Theoretical :Considerations 


While it is not necessary to consider this further as far 
as the hardness testing of rubber is concerned, the exact 
mechanism by which localized internal flow alters the hard- 
ness of the compounded stock is of theoretical interest. 
The possible conditions that might produce local variations 
in hardness are: 

(1) Non-uniformity in the rubber-pigment-sulfur-accelerator 
tow. produced by the inequalities of pressure set up by the 

ow 
Local elastic strains which persist in the cured stocks. 
3 Local orientations of the original grain of the stock. 
New local grain effects produced by flow, where by grain 
effect is meant anisotropy either in the spacing of the pigment 
particles or in the orientation of the rubber molecules. 
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‘ (5) Altered dispersion owing to the stirring action of the local 
ow. 


Although previous tests had shown that these variations in 
hardness were not due to a non-uniform mixture, these tests 
were repeated because by using the mold with a vent hole 
very definite hard regions could be produced at will. Samples 
of vulcanized rubber of the same stock used in the earlier 
tests were cut from the regions immediately under the over- 
flow hole of slabs such as are shown in Figure 3, where in- 
ternal flow was large and where the stock was excessively 
hard. A comparison of the specific gravities of these samples 
and of samples cut from the normal parts of the same slabs, 


SLAB NorMAL REGION “FLOWED” REGION 
1 1.121 * 0.001 1.121 » 0.001 
2 1.122 = 0.001 1.122 - 0.001 


shows that there is not enough difference in the pigment con- 
centration to account for the difference in hardness. Com- 
bined-sulfur determinations on the same samples showed 
1.52 per cent for the “flowed” regions and 1.54 per cent for 
the normal regions. This difference is less than the experi- 
mental error of the determination and is in the wrong direc- 
tion to account for the difference in hardness on the supposi- 
tion of a concentration of sulfur. 

The possibility of existence of elastic strains in cured stocks 
exists, since the outer layers of the slab may start to cure while 
the interior of the slab is still increasing in temperature. 
Some overflow, due to thermal expansion, may take place 
after the surface of the slab has set up. If that is true, some 
portions of the slabs near the overflow vent may be in a condi- 
tion of elastic strain during the latter part of their period of 
cure, and this condition of strain may exist after cure. By 
“a condition of strain” is meant that if the rubber were re- 
moved from an infinitesimal cubical space in the slab, and 
freed from the restraints of the surrounding parts, the elastic 
strains would be relieved, and in an unstrained condition the 
infinitesimal volume of rubber would no longer be cubical. 
If the rubber near the surface of a slab were already in a 
strained condition, the penetrometer reading of hardness 
might be affected. If this were the explanation of the varia- 
tions in hardness, we would expect that stocks that were more 
nearly perfectly elastic would exhibit the phenomena more 
markedly than a pigmented stock, which takes a permanent 
set easily. Actually it has been found that when the pig- 
mented carbon-black stock is cured in the special mold with 
a vent so as definitely to localize the overflow the slabs always 
show an excessive hardness of the overflow region. On the 
other hand, no appreciable variation in hardness can be pro- 
duced by this method using the same stock without carbon 
black. Without carbon black this stock is practically a pure- 
gum stock. It is of great interest to note that the same 
stock does not show similar variations in hardness when the 
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carbon black is replaced by an equal volume loading of zinc 
oxide. 

That the variations in hardness cannot be due to local ori- 
entations of the original grain of the stock has been shown by 
building up test slabs with the original grain of the rubber 
in different directions. The original direction of the grain 
had no effect on the relative hardness of the “flowed” por- 
tions and the rest of the slab. However, the local flow may 
set up a new grain effect in the regions where it occurs in the 
same way that the milling or calendering of a stock does. 

It is possible that the dispersion of the pigment in the 
regions of the slab where “flow” takes place is altered. This 
_ flow may be analyzed into relative shearing motion of one 
surface with respect to another parallel surface in the interior 
of the compound. The flow is thus equivalent to a stirring 
action or to the friction action to which a stock is subjected 
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Figure 4—Hardness Readings on Slab Cured in Mold Having 
Overflow Vent 


between the rolls of a mill during mixing. In the early 
minutes of cure, when this flow takes place, the compound is 
hotter than it was when being mixed on the mill, and it is 
also under considerable hydraulic pressure. It is therefore 
possible that a slight stirring action might, under those con- 
ditions, have a considerable effect on the dispersion of the 
pigment in the rubber. The word “dispersion” is used 
here to refer not only to the uniformity of distribution of the 
particles, but also to the degree of wetting or intimate con- 
tact between the pigment particles and the rubber. 


Conclusion 


Although positive evidence is lacking, it is believed that 
the correlation between localized internal flow and the ac- 
companying hardness of the “flowed” regions must be due 
either to the production of a local grain effect by the flow or to 
an alteration of the dispersion in that region, or possibly to 
both. The correlation cannot be attributed to non-uni- 
_formity in the mixture, elastic strains, or orientation of the 
original grain. Tuis explanation is a matter of theoretical 
interest in connection with the divergent views now held 
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as to the mechanism of reénforcement by pigmentation. 
However, the results of this investigation may be applied to 
increase the precision of testing the hardness of carbon-black 
stocks whether we understand the underlying phenomena or 
not. 
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Determination of pH of 


Ammonia Latex’ 
J. McGavack and J. S. Rumbold 


GENERAL LABORATORIES, UNITED STATES RUBBER ComMPANyY, Passaic, N. J. 


The pH of latex has been determined at various con- 
centrations of ammonia (1) by the use of indicators, and 
(2) by the application of the glass electrode. The two 
curves thus obtained were comparable but not iden- 
tical. 

It is shown that the glass electrode gives results 
reproducible with a high degree of accuracy up to pH 
9.5 and a fair degree of accuracy up to pH 11.0. Above 
pH 11.0 it is necessary to calibrate each electrode. 
An ordinary galvanometer allowed measurement of 
the e. m. f. to 1 millivolt. The assymetry of the glass 
was so small as to be negligible. 


HIS paper covers the work done so far in these labora- 
tories on the development of an accurate and rapid 
method for determining the pH of latex. 

From a practical viewpoint one of the most troublesome 
features of the direct use of a hydrogen electrode is the deposi- 
tion of a film of rubber on the platinum, which by increasing 
the internal resistance of the cell, so reduces the sensitivity 
of the null point instrument that after a few determinations 
the apparatus must become inoperative. A more serious 
objection to this electrode is the uncertainty attached to meas- 
urements made in solutions containing proteins. 

The glass electrode, however, is believed to be very satis- 
factory. Although no comprehensive theory of its mecha- 
nism has yet been formulated, it has been used successfully 
under conditions where the hydrogen electrode and indicators 
would be useless (4,3). In this paper a method of making and 

1 Received September 20, 1930. Presented before the Division of 


Rubber Chemistry at the 80th Meeting of the American Chemica! Society, 
Cincinnati, Ohio, September 8 to 12, 1930. 
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using a modified Haber cell is described, and the results of 
measurements of the pH values of normal latexes are com- 
pared with those previously obtained by means of indicators. 


Colorimetric Method 


The successful use of indicators depends upon the prepa- 
ration of a clear serum. This was done by mixing about 
50 cc. of latex with 0.5 gram of carbon black, then filtering 
20 cc. of the mixture under a pressure of 15 Ibs./sq. in. (1.0563 
kg./sq. cm.). Probably by causing a partial coagulation of 
the rubber particles the carbon black increased the rate of 
filtration without appreciably altering the pH of the serum, 
though even under the most favorable circumstances not 

‘more than 2 or 3 cc. of serum could be obtained in an hour. 

The filter was made by pouring a mixture of Cellite and 
water on a filter paper in a small Buchner funnel, washing 
it with water several times by suction, and finally drying 
it at 100° C. The funnel was closed with a rubber stopper 
kept tight by two metal plates bolted together, and air- 
pressure was applied through a tube in the stopper. It was 
necessary to use pressure instead of suction to minimize 
loss of ammonia by vaporization, but the ammonia content 
of the filtrate was always less than would be expected when 
calculated from the results of titration of the latex on the 
assumption that all the ammonia is in the serum. The 
difference could be partly accounted for by adsorption of 
ammonia on the carbon black, but it is no doubt also due to 
adsorption of ammonia on the rubber particles. 

The example of data given in Table I obtained by titra- 
tion of latex and the serum prepared from it by pressure 
filtration shows that this use of carbon black in pH measure- 
ment might be expected to give low results. That no corre- 
sponding difference of pH was found may be ascribed to the 
inadequacy of the colorimetric method to measure small 
changes of hydrogen-ion activity. 

The pH of the serum was determined by the familiar com- 
parator method, about 2 cc. being required for each determi- 
nation. It is claimed that an accuracy of about +0.1 can be 
obtained by means of indicators, but when they are used with 
latex serum a more liberal allowance for error must be made. 

Most of the available indicators for use in alkaline solu- 
tion are unsatisfactory on account of their small color change, 
and the presence of proteins in the solution under examina- 
tion is known frequently to cause large error. That the 
measurements were sometimes unreliable was proved when 
two indicators covering the same pH range did not agree 
even approximately, and a partial discharge of the color of 
the indicator often occurred, probably because of adsorption 
on colloidal matter. Owing to the difficulty in obtaining 
reliable results it was decided that an electrometric method 
must be used.. The experimental] results obtained with 
indicators and latex serum are shown graphically in Figure 1. 
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Table I—Titration of Latex and Serum by Pressure Filtration 


(33.1% solids) 
Ossp. 
NHs3 IN Catcp. NH3 No carbon 
LaTex IN SERUM black black 
% % % % 
1.46 2.18 1.93 1.75 
2.18 3.26 2.70 2.53 
The Glass Electrode 


MaclInnes and Dole (6) who have recently studied the effect 
of variation in the composition of the glass on its suitability 
as an electrode, recommend a soda-lime glass of composition 
disilicon oxide, 72 per cent; calcium oxide, 6 per cent; and 
sodium oxide, 22 per cent (Number 015, supplied by the Corn- 
ing Glass Company, Corning, N. Y.). This glass has been 
used to make bulbs for the electrodes in the following way: 
Electrodes 1, 2, and 3 were made by drawing out at one 
end a tube of soft laboratory glass, diameter 13 mm., to a 
diameter about 5 mm. A piece of the special glass was 
fused in the narrow end of this tube and blown into the form 
of a small bulb, strong enough to withstand the pressure of 
2 or 3 inches (5.08 or 7.62 cm.) of 0.1 N hydrochloric acid, 
yet so thin that the resistance was surprisingly low and screen- 
ing was unnecessary. An ordinary Leeds and Northrup 
galvanometer was sensitive enough to allow measurement of 
the e. m. f. within 1 millivolt, which corresponds to an ac- 
curacy of about +0.02 pH. The open end of the tube was 
coated with paraffin, then filled with 0.1 N hydrochloric acid, 
and closed by a rubber stopper to prevent evaporation when 
not in use. Figure 2 shows the wiring of the arrangement 
with a diagrammatic representation of the glass electrode 
and the calomel half cell. Instead of having the rest of the 
electrode within the bulb it was combined with a 0.1 N 
hydrochloric acid calomel electrode, the side tube of which 
was lowered into the acid in the bulb when a measurement 
of e. m. f. was to be made. 

It was thought that as this bulb might consist partly 
of glass from the supporting tube it would be unsatisfactory, 
and the bulbs of electrodes 1-A, 2-A, 3-A, 4-A, and 5-A were 
blown from tubes of the special glass. However, the data 
given below show that except in strongly alkaline solution, 
electrode 3 is in good agreement with the others. 

CALIBRATION OF ELEcCTRODES—Sorensen’s glycine sodium 
chloride-sodium hydroxide standards were used (pH values 
at 25° C. obtained by slight interpolation of those given 
by Clark, /). 

Martertats—Fifty per cent sodium hydroxide solution 
allowed to stand in a Pyrex tube till the carbonate settled. 
Portion of clear solution diluted with boiled distilled water 
and adjusted to 0.1 N. Stored in a paraffined Pyrex bottle. 

Thirty-six per cent hydrochloric acid solution diluted and 
adjusted to 0.1 N with anhydrous sodium carbonate. 
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Potassium chloride, sodium chloride, and glycine. Best 
obtainable materials recrystallized several times. 

All rubber stoppers were boiled in sodium hydroxide 
solution, hydrochloric acid, then water. 

Buffer standards of pH greater than 11 kept in paraffined 
Pyrex bottles. 

The slide wire, S (maximum scale reading 1000), used 
as a potentiometer, was proved to have a uniform resistance, 
and the voltmeter was calibrated with a standard Weston 
cell. The slide wire setting was varied to give voltmeter 
readings at intervals of 0.1 volt, and assuming a uniform 
voltage drop in the slide wire, the actual voltage was cal- 
culated in each case from the reading of the null point for 
the Weston cell. To determine the e. m. f. of the glass elec- 
trode cell the null point was first obtained, and then the 
slide wire was set to show a voltage of 0.5, corresponding 
to an actual voltage of 0.5810 when corrected by the cali- 
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1, CURVE DETERMINED By THE GLASS 
ELECTRODE 
2, INDICATORS 


CONCENTRATION OF AMMONIA, G PER 100g, LATEX 


Figure 1—Relation between Concentration of Ammonia and pH 


bration curve of the voltmeter. The e. m. f. was calculated 
from the readings of the slide wire at the null point and at 
0.5810 volt. 

By the use of the resistance box, R, the e. m. f. range could 
be varied. 


Table II—E. M. F. of Cell with Buffer Standards 


(Electrode 3) 
PH or BuFFER Stipe WIRE 
STANDARD READING AT E. M. F, or 
(Soln. X) Nutt Pornt@ CELL 
Volt 
8.43 561 0.3812 
8.77 593 0.4030 
9.54 681 0.4628 
10.30 751 0.5103 
11.12 814 0.5531 
11.89 876 0.5953 
12.45 915 0.6218 
12.74 931 0.6325 


® Slide wire reading at 0.581 volt 855 throughout. 
CaucuaTIon or E. M. F.—The arrangement is: 
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Hg | HgCl, KCl (satd.) ||soln. X | glass | 0.1 N HCl, HgCl | Hg 


Assuming the glass surface reversible to the hydrogen-ion 
activity, this combination will be equal in potential to the 
sum of the two cells. 


(A) Hg | HgCl, KCI (satd.) ||soln. X | Hp 
(B) Hg | HgCl,0.1 NHCi | Hz 


The potential of (A) at 25° C. is 
E = 0.2458 + 0.05915 pH, (2) 


and of (B), 0.3989 (5). The relation between the e. m. f. 
and the pH of solution X is, therefore, at 25° C.: 


E = —0.1531 + 0.05915 pH, 
Table I1I—Comparison of rs he Calculated Values of E. M. F. 


(Electrode 3) 
PH oF E E 

THEORETICAL OBSERVED DEVIATION 
Millivolts 

8.43 0.3455 0.3812 35.7 

8.77 0.3656 0. 37.4 

9.54 0.4112 0.4628 51.6 

10.30 0.4561 0.5103 54.2 

11.12 . 5064 0.5531 46.7 

11.89 0.5502 0.5953 45.1 

12.45 0.5833 0.6218 38.5 

12.74 0.6004 0.6325 32.1 


The values given in Table III are not shown graphically 
but were used to obtain the curve in Figure 1. 

DETERMINATION OF PH or Norma Latex—The results 
given in Table IV were obtained with latex X-167 (total 
solids 37.9 per cent, ammonia 0.84 per cent). The ammonia 
content was varied by adding small quantities of a 24 per 
cent aqueous solution of ammonia to about 500 cc. of latex, 
and it was determined in each case by titrating against 
0.1 N hydrochloric acid 1 or 2 grams diluted with water to 
300 ce. 

These results are plotted as a smooth curve in Figure 1. 
It will be noticed that the “blown” latex returned to very 
nearly the same pH when ammonia was added to it, showing 
that the removal of ammonia is probably a reversible process. 

It was impossible to prevent the deposition of a film of 
rubber on the glass bulb. This did not seem to affect the 
e. m. f., but it greatly reduced the sensitivity of the galvanome- 
ter. The bulb was, therefore, washed in ammonia solu- 
_ tion, and the rubber film could be removed by means of a 
small brush. Since it was necessary to clean the electrode 
in this way after each determination, the Haber form is better 
than the more fragile type devised by MacInnes and Dole 
(a very thin membrane sealed on the end of a supporting 
tube). 

The reversibility of the electrode after use with latex was 
checked against some of the original buffers. The results 
of this test appear in Table V. 
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It was known that the standard of pH 11.12 had probably 
changed, and neglecting the result with this solution the 
reversibility of the electrode is apparently fairly satisfactory. 


Table IV—pH of Latex X-167 


(Electrode 3) 

WIRE PH FROM 
PER 100 Grams READING AT CALIBRATION 
oF LaTEx Nutt Point? E. M. F. CuRVE 

Gram 
LATEX BLOWN AND STIRRED FOR 2 HOURS 
0.11 524 0.356 8.15d 
0.27 660 0.448 9.35 
0.47 691 0.470 9.66 
0.61 711 0.483 9.87 
0.77 731 0.497 10.10 
LATEX AS RECEIVED 
0.78 725 0.493 10.03 
0.93 746 0.507 10.26 
1.06 751 0.510 10.30 
1.15 753 0.512 10.34 
1.53 771 0.524 10.57 
@ Slide wire reading at 0.581 volt 855. 
6 pH value obtained by extrapolation. 
\/ 
-O 
p+ 
R 
Figure 2—Wiring of Cell and 
Potentiometer 
Table V—Stability of Electrode 3 
PH oF E. M. F. or 
BUFFER CELL AFTER USE PREVIOUS 
STANDARD © WITH LaTEXx E. M. F. CHANGE 
Millivolts 
. 54 0.4600 0.4628 2.8 
10.30 0.5096 0.5103 — 0.7 
11.12 0.5402 0.5531 -12.9 
11.89 0.5953 0.5953 0 


Reproducibility of Electrodes 


Owing to the rather fragile nature of the glass electrodes 
it is desirable that as well as being reversible they should be 
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readily reproducible. The reproducibility has been ex- 
amined over the pH range 8.4 to 12.7. The calibration 
curves of a few electrodes (Figure 3) show that up to about 
pH 9.5 the variation is negligible. Even at pH 11.0 the 
greatest difference is still small, but in strongly alkaline 
solution the variations between electrodes which agree at 
lower pH may be large. | 

For accurate work above pH 9.5 it is therefore necessary 
to determine the calibration curve of each electrode, but a 
fair degree of accuracy, without recalibration, can be ex- 
pected up to about pH 11.0. 

It is, however, very necessary to know the composition 
of the solution under examination. The lowest curve ob- 
tained with glycine-sodium hydroxide buffer standards 
with a small constant concentration of sodium chloride is 
remarkably different, and the divergence begins at a lower pH. 

Owing to this depression of the e. m. f. of the glass electrode 
by sodium chloride it would be better to use gylcine-sodium 
hydroxide buffer mixtures for calibration instead of Sorensen’s 
standards, but as the effect is large only at high pH, and 
Sorensen’s standards of greatest alkalinity have only a small 
concentration of this salt, the error introduced by their use 
is probably small. It would be best to calibrate the electrodes 
with glycine-sodium hydroxide mixtures for the pH range 
8.0 to 11.0, and with sodium hydroxide solutions of known 
pH for values above 11.0. 

It is the experience of the authors that up to pH 10.0 
or 11.0 most of the electrodes differed only slightly and there 
is little difficulty in obtaining reliable results, but beyond 
pH 11.0 careful calibration of the electrode immediately 
before use is essential. 

It is also necessary to allow the electrodes to reach equilib- 
rium. Immediately after filling them with acid the e. m. f. 
is always high, and an equilibrium value is reached in about 
24 hours; the bulbs were therefore filled with acid and 
immersed in water for a day or two before they were used. 


Asymmetry Potential of the Glass 


The potential in the glass bulb of electrode 3 was measured 
by combining it with a 0.1 N hydrochloric acid calomel 
electrode, both immersed in a 0.1 N solution of the hydro- 
chloric acid. The asymmetry potential of the glass indi- 
cated by the e. m. f. of this cell was so small as to be negligible. 


Discussion of Results 


In the absence of a generally accepted theory it is im- 
possible at the present time to decide whether the pH values 
determined by the glass electrode are strictly in accordance 
with those that would be obtained by a hydrogen electrode 
were it applicable to latex. Hughes (3) suggests that the 
glass membrane acts as a sodium acid silicate buffer which 
keeps the hydrogen-ion concentration within the glass phase 
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constant. This buffer action begins to become less effective 
at about pH 9, which is the value at which MacInnes and 
Dole find deviations begin from the hydrogen electrode. 
These authors state that when the base present is tetramethyl- 
ammonium hydroxide there is only a very small deviation 
even at pH 13. Hughes ascribes the difference in action of 
the various hydroxides as probably due to greater power of 
penetrating the glass. Thus potassium hydroxide has less 
penetrating power than sodium hydroxide owing to the larger 
potassium ion, and it might be expected that tetramethyl- 
ammonium hydroxide would have still less penetrating 
power owing to the large N(CH;), complex. 

This leads to the view that the composition of the buffers 
used in calibrating the electrode should be as far as possible 
similar to the composition of the solution of which the pH is 
to be determined. However, in the absence of any data on 


LELECTRODE 3, 
Z,ELECTRODES 1A AND SA, 
BELECTRODE 3A, 
4 


EMF. (VOLT) 
& 


5, ELECTRODE SA, 1.17% 
NaCl INTHE BUFFERS. 


PH OF BUFFER STANDARD 
Figure 3—Calibration Curves of Glass Electrodes 


the relative effects of sodium and ammonium ions on the 
potential of the glass electrode, the pH values recorded here 
can be considered provisionally as probably not very far 
from the true ones. 

The two curves in Figure 1 are not strictly comparable 
as they refer to different latexes, but it is known that the pH 
values determined by the glass electrode are always higher 
than corresponding values obtained by means of indicators. 
The lowest parts of the curves do not differ so much, and in 
this region the indicators are more satisfactory, chiefly because 
their color change for a given increase of hydrogen-ion ac- 
tivity is greater. The increasing divergence between the 
curves at higher ammonia concentrations might be accounted 
for partly by loss of ammonia from the serum during filtering. 
The curves become much flatter at about 0.3 per cent am- 
monia; this is probably due to acidic substances in the latex. 
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Determination of Alka- 
linity of Reclaimed 
Rubber' 


Henry F. Palmer and George W. Miller ’ 


XyYLos RuBBER Company, AKRON, OHIO 


A new method is given for determining the relative 
alkalinity of reclaimed rubber. The extraction of the 
alkaline material is based on a digestion of the sample 
in a mixture of ethanol, benzene, and water. The 
method is compared with the previous method described 
by the authors in 1928. The experimental figures given 
show that the new method gives results which are de- 
pendable, and approximately four times as accurate as 
the previous method. The higher degree of accuracy 
is due to the elimination of much of the personal error, 
the extraction of a larger percentage of alkaline ma- 
terial, and a more accurate titration end point. 


HE purpose of this paper is to present a method for 

I determining the relative alkalinity of reclaimed rubber 

which, in the authors’ opinion, has certain advantages 
over other methods in use at present. 

In general other methods current for determining alkalinity 
consist of a digestion in water of various sizes of samples 
for times varying from 3 to 48 hours. In the discussion of 
an article by Shepard, Palmer, and Miller (2) in 1928, the 
relative control method then in use by the authors was de- 
scribed. This method has recently been referred to by 
Stafford (3) in an article on the testing of reclaimed rubber. 
Briefly this method consists in digesting a 25-gram sample 
in water for 3 hours, after which the sample is squeezed and 
thoroughly washed during squeezing. The sample is further 
digested, and the liquor titrated with normal acid using 


1 Received September 20, 1930. Presented before the Division of 
Rubber Chemistry at the 80th Meeting of the American Chemical Society, 
Cincinnati, Ohio, September 8 to 12, 1930. 
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methyl red as the indicator. A disadvantage of this method 
is that it involves a personal factor in the squeezing of the 
sample after digestion. Another disadvantage of the method 
and other unpublished methods known to the authors, is 
that a relatively small quantity of the total alkali is ex- 
tracted which naturally means that errors in the method 
will magnify the differences in alkalinity. Further, the solu- 
tion to be titrated is often brown enough in color so that the 
end point of the usual indicators is masked. The method 
developed and described below overcomes these difficulties 
since a relatively higher percentage of alkaline material is 
removed and a more efficient titration method is applied. 


Method of Titration 


Inasmuch as the color of the solution often causes the 
end point of usual indicators such as methyl red to be very 
indistinct, an application has been made of the iodine-starch 
end point. The procedure after the sample is prepared for 
titration is as follows: : 

To the solution 0.1 N HCl is added from a buret until the 
solution is distinctly acid. This point may be most definitely 
determined by using litmus paper. Approximately 5 cc. 
each of 3 per cent KIO; solution and of 1 N KI solution are 
then added. The mixture is allowed to stand 3 minutes 
and the same volume of 0.1 N Na,S.0; as 0.1 N HCl is added. 
The mixture is allowed to stand for 15 minutes after which 
5 cc. of fresh starch solution are added. Titration is then 
made with 0.1 N iodine solution until the appearance of the 
usual iodine-starch blue color. This color may of course be 
black due to the brown color of the solution. 

The particular advantage of this method of titration is 
that the end point can always be distinguished and even the 
darkest solutions can be diluted so that the end point is 
visible. In cases of reclaim of low alkalinity the solutions 
are less deeply colored and the end point may often be de- 
termined by the use of methyl red instead of the iodine- 
starch combination. 

It should be mentioned that before arriving at the above 
method an effort was made to use the two following methods: 

(1) Use of Since KeAl(SO,), hy- 
drolyzes in water to H,SO, and Al(OH)s, the reacts 
to neutralize the alkali and the Al(OH); carries down a con- 
siderable amount of colloidal matter in the solution, but not 
enough to render the solution sufficiently clear to discern 
methyl] red indicator. 

(2) Use of FeCl; and When FeCl; . 
hydrolyzes in water to form HCl and Fe(OH)s, the HCl will 
neutralize the alkaline material. Any soluble ferric salt 
gives with K,Fe(CN). a very deep blue color. In using this 
method FeCl; was added until all the alkali was neutralized, 
the blue color being formed by the excess FeCl; with K,Fe- 
(CN)s. The color was masked considerably, however, by 
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the presence of the Fe(OH);. The addition of HCl to di- 
minish the amount of FeCl; necessary was not effective 
since the indicator was not sensitive to such a small amount 
of FeCl. 


Extraction of Alkaline Material 


Since other methods in vogue have extracted a relatively 
small amount of the total alkaline material, an effort was 
made to evolve a method which would give a higher per- 
centage of the total alkali present. This has been achieved 
by the use of the following procedure: 

The sample of reclaim is sheeted to a thickness of 0.127 
mm. (0.005 inch) plus or minus 0.0254 mm. (0.001 inch) 
in thickness. A 5-gram sample is torn in pieces about 25 
mm. (1 inch) in diameter and placed in a liter Erlenmeyer 
flask to which have been added 60 cc. of benzene, 40 cc. of 
ethanol (denatured with 0.5 per cent benzene),? and 100 cc. 
of distilled water. These reagents must, of course, be neutral. 
A reflux condenser is attached to the flask and digestion is 
made for 2 hours on a hot plate which is at 110° C. After 
the digestion 500 cc. of distilled water are added and the 
heating continued for 11/2 hours without the reflux condenser 
attached. At the end of this time the benzene and the 
larger percentage of the ethanol will be completely distilled 
off. If benzene is still present at the end of this time, the 
heating, with a periodic shaking, should be continued until 
all benzene is removed. The total heating time will not 
exceed 1°/, hours. The solution is then decanted leaving 
the rubber sample in the flask. Seventy-five cubic centi- 
meters of boiling distilled water are added and the flask 
whirled rapidly to wash the sample. This water is added to 
the original liquid and two more washings are made as above 
after which the solution is allowed to cool preparatory to 
titration. 

In developing this method of extraction the following ob- 
servations have been made on factors which affect the re- 
sults: 

_ THICKNESS OF SAMPLE—The same sample of reclaim was 
refined once and twice at the thicknesses of 0.0762 and 0.1778 
mm. (0.003 and 0.007 inch) with the results shown in Table I. 
The results reported in all tables are in terms of NaOH. These 
results show that the thickness between these limits may be 
tolerated and that the second refining did not affect the amount 
of alkaline material extracted. An attempt was made to pre- 
pare the sample by cutting it into very small pieces but the 
results in Table II show that this is not a suitable method of 
preparation. 

EFFECT OF BENZENE, ETHANOL, AND WATER—Various propor- 
tions of benzene, ethanol, and water were tried. ‘The first tests 
were run with 100 cc. benzene, 100 cc. water, and 20 cc. ethanol. 
The benzene functions to swell and break up the rubber and the 
ethanol acts as a carrier. With these proportions it was found 
that the emulsion formed made it difficult to boil off the benzene 
without much bumping, foaming, and spattering. The benzene 
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was decreased and the ethanol increased to the proportions 
named in the method with the result that the above-mentioned 
difficulties disappeared. 

The effect of these reagents in different proportions is given 
in Table III. It will be noted that increasing the volume of 
water gives no higher results. The ethanol is necessary as a 
carrier and the benzol as a swelling agent. Tests on another 
sample of reclaim A show 0.242 per cent alkalinity when the regu- 
lar volume of reagents was doubled, against 0.238 per cent for 
the prescribed volume. 


Table I—Effect of Refining (Reclaim A) 


NUMBER ALKALINITY 
THICKNESS OF SAMPLE oF RE- 
FININGS Test 1 Test 2 Av. 
Mm. Inch % % % 

0.0762 0.003 1 0.312 0.300 0.306 
0.0762 0.003 2 0.283 0.293 0.288 
0.1778 0.007 1 0.272 0.279 0.276 
0.1778 0.007 2 0.280 0.292 0.286 


Table II—Comparison of Methods of Preparing Sample (Reclaim G) 


ALKALINITY 
METHOD OF PREPARATION 
Test 1 Test 2 
% % 
Sheeted on refiner mill 0.420 0.412 
Cut into !/s-inch (3-mm.) cubes 0.365 0.216 


Table III—Effect of Digesting Reagents 


ALKALINITY 

Recramm TEST Benzene, cc. 60 60 100 

Ethanol, cc. 40 40 ae 100 
Water, cc. 100 200 100 100 . 

% % % 

A 1 0.304 0.318 0.127 0.179 

2 0.305 0 0.122 0.212 

D 1 0.505 462 0.248 0.453 

2 0.507 2 0.248 


Errect oF Time oF DiGESTION—A sample of reclaim A was 
digested for 2 and 3 hours with the extraction of 0.164 per cent 
and 0.165 per cent alkali, respectively. Observation showed 
that times less than 2 hours are insufficient to break up the sam- 
ple thoroughly. 

AMOUNT OF WATER ADDED AFTER DiGESTION—Whether the 
water added after digestion is cold or hot did not affect the 
alkalinity value. The water caused the finely divided and ben- 
zene-swollen sample to form a semi-solid mass so that the ben- 
zene could be boiled off without any danger of loss of sample 
or liquor due to spattering. Five hundred cubic centimeters 
gave higher alkalinity results than lower volumes and were used 
as a practical upper limit convenient to handle. 

NUMBER OF WasHINGsS—After decanting the liquor from the 
sample it was convenient to wash the sample in the flask. In 
washing with 75-cc. portions of hot water, it was found that the 
alkaline material became constant after the first washing. The 
ee on the various washings will be found 
in Table 


ERROR CAUSED BY RETENTION OF LIQUOR BY SAMPLE—It is 
obvious that the sample retains some alkaline liquor, and since 


1 
3 
| 
4 
4 


277 


in the new method the sample is not squeezed, this is a source 
of error. In Table V is shown the approximate amount of liquor 
retained and the percentage error introduced by its retention. 
EFFECT OF IRON AND ANTIMONY COMPOUNDS ON RESULTS— 
The fact that trivalent antimony may be titrated with iodine 
led to the following experiment to determine whether iron or 
er would affect the results as obtained by an iodometric 
on. 


Table IV—Effect of Washing 
ALKALINITY 


RECLAIM B 


RECLAIM C 


yee from decanted liquor 
only 
—o with 75 cc. hot water: 


(2) 
(3) 


Table V—Error Due to Liquor Retained by Sample 


REcLam B 


Reciam C 


Decanted liquor plus washings 
Liquor retained by sample 


Total liquor 


Alkalinity as determined on available liquor 
Corrected alkalinity based on total liquor 
Error due to liquor held by sample 


Two per cent of crimson antimony (Sb2S;) were added to a 
whole tire scrap (reclaim A) and refined on the laboratory mill. 
To another sample of scrap, 5 per cent of red oxide (Fe,O;) were 
added and the reclaim finished as before. These were tested 
against a control reclaim made from the same sample of well- 
blended scrap. The figures given in Table VI show that trivalent 
antimony in the reclaim affects the titration with iodine while 
red oxide has no effect. . 

Table VI—Effect of Iron and Antimony Compounds Added to 

Reclaim A 


ALKALINITY 
Test 1 Test 2 Av. 


% % % % 

0.350 ane 0.352 

Red oxide (Fe20s) 0.351 0.353 +0.001 
Crimson antimony (Sb2Ss) 0.299 0: 301 0.300 —0.052 


Variation 


The experimental work given below was carried out on 
reclaims which will be designated as follows: 


A—a regular production whole tire reclaim 
B—a specially washed whole tire reclaim 
C—an experimental whole tire reclaim 
D—an experimental whole tire reclaim 
E—a carcass reclaim 

F—a digester tube reclaim 

G—a whole tire reclaim processed in another factory 
H and I—tube reclaims processed in another factory 


, 
4 
: Test 1 Test 2 Test 1 Test 2 
% % % % 
0.004 0.008 0.010 0.010 
| 0.004 0.004 0.004 0.004 
0.004 0.004 0.004 0.004 
Ca Ce 
25 23 
850 848 
% % 
0.114 0.486 
ii 0.118 0.503 
3.4 3.2 
| 
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Table VII—Comparison of Old and New Methods on Several Samples 


of Different Reclaims 
rey O_p METHOD New METHOD 
P- 
Re- Sam- York 
CLAIM PLE aria- aria- . 
TOR | Test1l Test 2 tien Test 1 Test 2 ten 
A 0.047 0.050 0.003 0.272 0.261 0.011 
2 2 0.028 0.040 0.012 0.225 0.225 a 
3 2 0.103 0.099 0.004 0.242 0.251 0.009 
B : @ 0.019 0.020 0.001 0.1 0.097 0.003 
& 0.022 0.014 0.008 0.116 0.116 
3 2 0.044 0.037 0.007 0.167 0.167 wah 
4 W 0.034 0.038 0.004 0.100 0.110 0.010 
5 W 0.056 0.055 0.001 0.136 0.139 0.003 
6 W 0.044 0.049 0.005 0.141 0.140 0.001 
7 WwW 0.041 0.046 0.005 0.111 0.122 0.011 
8 W 0.060 0.0 0.004 0.157 0.163 0.006 
D 0.429 0.397 0.032 0.507 0.505 0.002 
E 2 0.180 0.164 0.016 0.374 0.382 0.008 
2 0.216 0.217 0.001 0.386 0.386 
F oe 0.013 0.012 0.001 0.064 0.055 0.009 
H ae 4 68 1.94 0.260 1.91 1.83 0.08 
I = 0.819 0.585 0.234 0.96 1.05 0.09 


Table VIII—Reproducibility of Results by Different Operators 


ALKALINITY 
RECLAIM OPERATOR 
Test 1 Test 2 Variation 
NEW METHOD AND SAME SAMPLE 
% % % 
B x 0.123 0.126 0.003 
B Y 0.130 0.126 0.004 
S x 0.487 0.484 0.014 
Vv 0.488 0.474 0.014 
Z 0.488 0.488 
G x 0.406 -400 0.006 
Z 0.420 0.412 0.008 
OLD METHOD AND SAME SAMPLE TITRATED WITH METHYL RED 
Test 1 Test 2 Test 3 
% % % 
A x 0.083 0.099 0.062 
A Z 0.110 0.158 0.163 
Table IX—Continuous Total Extractions 
ALKALINITY 
XTRA N 
Reclaim A Reclaim B 
% % 
First 24 hours 0.375 0.089 
Days 
6 0.716 0.345 
11 0.837 0.508 
16 0.899 0.608 
21 0.953 0.684 
26 0.999 0.750 
31 1.018 0.783 
36 1.030 0.814 
41 1.038 0.837 
46 1.045 0.860 
51 1.048 0.865 
55 1.048 0.865 
Percentage extracted: 
Old method 0.150¢ 0.034¢ 
New method 0.3076 0.1264 
Percentage of total: 
Old method 14.31 3.93 
New method .29 14.57 


@ Average of 2 tests. 
b Average of 4 tests. 
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The tests given in Table VII show a comparison of the 
method of extraction previously used (2), except that the re- 
digestion for 2 hours was not used, with the benzene-ethanol 
method described above. All titrations were made with 
the iodine-starch end point. This table shows the varia- 
tion which occurs with the old method in comparison with 
the new method. It will be noted that the new method ex- 
tracts two to five times as much alkaline material and conse- 
quently the percentage error in the new method is much 
less than in the old method, assuming equivalent actual error 
in the test. However, examination of the figures in Table 
VII will show a less actual error in the new method, and conse- 
quently a much higher accuracy. The average error shown 


: 
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Figure 1—Complete Extractions of 
Reclaims A and B 
by these figures is 15.62 per cent for the old method and 
4.06 per cent for the new method. The results show also 
that the new method lines up different samples of the same 
reclaim better than the old method, which shows considerable 
variation between different samples. 

Tests run on the same sample of reclaim by different 
operators show that this method is not subject to the personal 
error which is caused primarily by the squeezing. The 
old method, however, cannot be depended upon to give 
reproducible results by the same or different operators as 
Table VIII shows. 

In order to compare the amount of alkaline material ac- 
tually present with that extracted by the old and new method, 
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@ complete extraction was made on reclaims A and B. It 
was necessary to run this for 55 days until the percentage 
of alkaline material removed corresponded to the blank. 
Twenty-five-gram samples were digested in 800 cc. of boil- 
ing water continuously. At first the water was changed 
every 24 hours, while near the end of the experiment it was 
changed every 48 hours. Kilbourne and Miller (1) required 
about 60 days for determination of total alkalinity. Sam- 
ples of the same reclaims were also run by the old and new 
method. The results, given in Table IX, show that the old 
method extracts 14.31 per cent and the new method 29.29 
per cent in reclaim A, and in the case of reclaim B, 3.93 per 
cent of the total was extracted by the old method and 14.57 
per cent by the new. While it is possible to achieve as high 
results as are given by the benzene-ethanol method by con- 
tinued extraction in water for at least 24 hours and upwards 
to 48 hours, this length of time is hardly practicable. The 
benzene-ethanol method may be completed in approximately 


5 hours. 
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